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Climate vulnerability of World Heritage values of the Wadden Sea World Heritage property (as described in the Statement of Outstanding Universal Value, OUV) was previously assessed using Phase 1 of the Climate Vulnerability Index (CVI) process to be High (the highest category). This assessment of OUV Vulnerability considered a so-called ‘business-as-usual’ climate scenario (RCP8.5) for projected timeframes of ca. 2050 and 2100, with focus on three identified key climate stressors: Temperature trend (air and/or water); Extreme temperature events; and Sea level rise.
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Executive Summary
The threats to natural and cultural heritage posed by climate change have rapidly increased in the past decade. Many World Heritage properties have already experienced significant negative impacts, damage and degradation, which are expected to accelerate as climate change intensifies.
Climate vulnerability of World Heritage values of the Wadden Sea World Heritage property (as described in the Statement of Outstanding Universal Value, OUV) was previously assessed using Phase 1 of the Climate Vulnerability Index (CVI) process to be High (the highest category). This assessment of OUV Vulnerability considered a so-called ‘business-as-usual’ climate scenario (RCP8.5) for projected timeframes of ca. 2050 and 2100, with focus on three identified key climate stressors: Temperature trend (air and/or water); Extreme temperature events; and Sea level rise.
This report summarises outcomes from a rapid assessment by a second multidisciplinary and multinational workshop to assess vulnerability of the community associated with the Wadden Sea property to a loss of World Heritage values due to climate change and to identify research priorities, knowledge gaps and potential future actions. Conducted online over two half-days (16–17 February 2021), this workshop applied Phase 2 of the CVI process analysing economic, social and cultural (ESC) aspects associated with the property together with the assessed OUV Vulnerability for ca. 2050 from Phase 1. As for the Phase 1 workshop, expert participants from scientific, academic and industry sectors, representing a diverse range of experience, provided their insight together with appraisal of best available supporting data (such as economic sector value, employment and usage).
The high complexity of the Wadden Sea and its associated community provided some challenges during the application. These included uncertainties involved in the Community Vulnerability assessments; a high degree of variability of input from individuals during breakout group sessions (though outcomes from breakouts had a high level of consistency); uncertainty around how/whether to incorporate direct and indirect (i.e., through loss of values) climate impacts on the community; and a self-perception by individuals that they lacked expertise for the aspects considered. Resolving these complexities was confounded by the short amount of time scheduled for the workshop. 
Acknowledging these challenges, the workshop assessments using the CVI process determined that ESC connections would be negatively impacted by loss of World Heritage values but to a relatively low degree. Furthermore, these connections were considered to have a moderate level of adaptive capacity in the face of climate impacts upon OUV. Together with the Phase 1 result, these outcomes led to an assessment of Community Vulnerability at a Moderate level for ca. 2050. In addition to identifying knowledge gaps during the workshop, the importance of ESC analysis was recognised and there is future potential to undertake separate jurisdictional assessments for subsequent synthesis as a ‘One Wadden Sea’ analysis. While this may return the same overall outcome, incorporating more finely-resolved analyses may provide greater confidence in the process. 
In summary, using the CVI process, the two workshops identified potential for major loss or substantial alteration of the majority of the attributes that convey the OUV; however, the effect of this on the community is tempered by the perceived decoupling of the aspects of the community from the World Heritage values (a need for greater understanding of OUV-community connections was revealed). Importantly, the workshop participants considered that direct impacts of climate change on the community were potentially greater than those only looking through the lens of loss of World Heritage values – and that the community aspects are decoupled from World Heritage values. Analysis of direct effects of climate change upon ESC connections was not undertaken during the workshop and would be an appropriate topic for future consideration.


1. Introduction		
1.1 Background to this report – building on Phase 1
Climate change is the fastest growing global threat to World Heritage properties (Osipova et al. 2017, 2020) many of which – natural, cultural, and mixed – are already being impacted. Like many other World Heritage properties, the Wadden Sea ecosystem is vulnerable to climate change effects. The severity of current climate impacts on individual World Heritage properties varies, as do the range of climate drivers causing those impacts and the rate at which they are occurring. In most cases, climate change impacts result in a degradation of the attributes that collectively convey the Outstanding Universal Value (OUV). OUV is the central concept for World Heritage properties and the basis for inscription on the World Heritage List.
The Climate Vulnerability Index (CVI) is a tool that was developed to provide a rapid yet systematic assessment of the vulnerability of World Heritage properties to climate change. Through the application of the CVI, research questions with respect to climate change and adaptive management opportunities for World Heritage properties can be identified. 
The Wadden Sea World Heritage property was considered a good candidate for the CVI given:
· the Wadden Sea World Heritage property is a serial tri-national property posing an additional challenge for managing climate change adaption;
· the existing expertise on climate change; and
· a willingness to identify priority issues for climate change adaptation and to consider a broader, globally consistent approach to assessing climate change.
There was widespread support for trialling the CVI in the Wadden Sea and to gain experience with the CVI process in a serial property across three countries, and for the Wadden Sea to apply a joint method to assess climate vulnerability.
Climate change in the Wadden Sea is complex and the tri-national aspects and diversity of stakeholders provides additional complexity, so it was decided the CVI would be applied in two separate phases – the first phase (an assessment of OUV Vulnerability) was undertaken in a workshop in Hamburg in February 2020. The second phase (assessing Community Vulnerability) was conducted in an online format after the COVID pandemic resulted in travel restrictions.
1.2 Overview of the Climate Vulnerability Index (CVI)
The Climate Vulnerability Index (CVI) is a rapid assessment tool to systematically assess climate change vulnerability of all types of World Heritage properties. Developed in Australia, it is a comprehensive risk assessment approach that is values-based, science driven and community-focused, balancing scientific robustness and credibility with a level of practicality. The CVI is increasingly becoming acknowledged, both within Australia and internationally, as a systematic way to assess the impacts of climate change upon World Heritage properties in a transparent and repeatable way. 
The CVI framework (Figure 1.1) builds upon the vulnerability framework approach described in the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC 2007). However, the CVI differs from many vulnerability assessments because it comprises two distinct phases and can be applied across all types of World Heritage properties, assessing:
· Phase 1: OUV Vulnerability - this assesses the exposure, sensitivity, and adaptive capacity of the key values of the property (i.e., the World Heritage attributes that convey the OUV), assessing how they will be impacted by the three key climate stressors chosen to be the most relevant for that property; and
· Phase 2: Community Vulnerability based on the economic, social, and cultural connections of the community associated with the World Heritage property, the dependency of the community upon the property, and the capacity of the community to adapt to climate change. The Community Vulnerability assesses the extent to which the community may be able to adapt, an aspect rarely considered in most vulnerability assessments.

Results of both the OUV and Community Vulnerabilities are of interest for many groups including the site managers, the responsible management agencies, and may also be of relevance for businesses that are dependent on the property and the local communities around each World Heritage property, especially as the CVI assesses the extent to which they may be able to adapt.
The foundation for the CVI process is the Statement of OUV for a property, from which key World Heritage values are summarised. Key climate stressors most likely to impact the values and attributes are identified for a defined and agreed time scale (e.g., by 2050) from a list of possible stressors (Figure 1.2). This list summarises climate stressors considered relevant to the majority of World Heritage properties but the process also allows for additional climate stressors relevant to a specific property. With this foundation established, the CVI process is initiated (see [footnoteRef:1]). A more detailed outline of the CVI process is available in Day et al. (2020). [1:  https://cvi-heritage.org/about] 

[image: Diagram

Description automatically generated with medium confidence]
Figure 1.1. The CVI framework to undertake rapid assessment of climate change vulnerability of World Heritage properties (Phase 1) and associated communities (Phase 2); (after Day et al. 2020). 
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Figure 1.2. Climate stressors used in the Climate Vulnerability Index (CVI) methodology for the Wadden Sea (after Day et al. 2020). Note that not all 15 listed climate stressors used generally across World Heritage properties (shown with coloured background) necessarily apply in the Wadden Sea.

The CVI process is best undertaken through a workshop of diverse stakeholders (including site managers, researchers, community representatives, dependent business owners, management agency representatives, and other stakeholders) and systematically works through the steps outlined briefly in Section 4 (see also Day et al. 2020). 
The CVI methodology is now well established but continues to evolve with every application. The CVI has benefited from input and guidance from many experts around the world including from the International Council on Monuments and Sites (ICOMOS) and the International Union for Conservation of Nature (IUCN), two of the advisory bodies for the World Heritage Committee. The CVI has also drawn from information prepared by the Intergovernmental Panel on Climate Change (IPCC); e.g., in the development of the list of climate stressors (Figure 1.2).

1.3 Two workshops to apply the CVI in the Wadden Sea
On 10–11 February 2020, the initial expert workshop assessed the impacts of climate change upon the OUV of the Wadden Sea World Heritage property. The objective of the initial workshop (Phase 1) was to assess the OUV Vulnerability of the Wadden Sea World Heritage property to climate change and focused on the key World Heritage values most likely to be impacted. These key values (Figure 1.3) were drawn from the Statement of OUV (Annex 1). 
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Figure 1.3. Key values derived from Statement of Outstanding Universal Value by the Common Wadden Sea Secretariat and the Task Group-World Heritage.
The three key climate stressors impacting the Wadden Sea OUV were identified in the workshop as:
· Temperature trend (air and/or water); 
· Extreme temperature events; and 
· Sea level rise.
When considered over two timeframes (ca. 2050 and ca. 2100) for a ‘business-as-usual’ climate scenario (RCP8.5), the workshop assessed the OUV Vulnerability as High (the highest category) for both timeframes, indicating the potential for major loss or substantial alteration of the majority of the attributes that convey the OUV. A summary of the assessments from Phase 1 is provided in Annex 2 and the report is available on the CWSS website (Heron et al. 2020b [footnoteRef:2]).  [2:  https://www.waddensea-worldheritage.org/resources/2020-cvi-report] 

The initial workshop was an essential precursor to Phase 2 of the CVI process to assess the Community Vulnerability. The original intention was to follow up the initial workshop soon after with a Phase 2 workshop; however, due to the COVID pandemic, the second workshop was postponed and conducted in an online format in February 2021. This report describes the outcomes of that Phase 2 workshop.
The two Wadden Sea workshops, together with a series of other CVI workshops occurring internationally involving different types of heritage properties, are helping to improve and refine the CVI methodology. This Wadden Sea report, along with other CVI reports (e.g., Day et al. 2019, Heron et al. 2020b), has implications for the assessment of climate change on other World Heritage properties. It substantiates the value of the CVI process for assessing climate impacts upon World Heritage properties with a systematic methodology, as well as assessing the vulnerability of other natural and cultural heritage properties around the world.

2. The Wadden Sea World Heritage property
2.1 Overview of the Wadden Sea and its management
The Wadden Sea is a large, temperate coastal sediment exchange system – one of the last remaining large-scale, temperate intertidal ecosystems where natural processes continue to function largely undisturbed. It is a relatively flat coastal wetland environment - basically a marine landscape - formed by interactions between physical and biological factors. These contribute to a multitude of habitats, such as tidal channels, sandy shoals, sea-grass meadows, mussel beds, sandbars, mudflats, salt marshes, estuaries, beaches, and dunes, as well as offshore areas. The transitional environment between land and sea is characterized by the constant change of flood and ebb tides, fluctuations in salinity, high temperatures during summer and occasional ice cover in winter.
These dynamic circumstances have created numerous ecological niches, colonized by species that are adapted to the extreme environmental conditions. Three marine mammal species (harbour seal, grey seal, harbour porpoise), about 150 species of fish and more than 100 bird species are complemented by numerous molluscs, plants, as well as micro and macro flora and fauna (CWSS 2012).
The coastal and island components of the Wadden Sea occur within a trilateral Wadden Sea Cooperation Area (Figure 2.1). In 2009, significant parts of this broad area were inscribed on the UNESCO World Heritage List as a serial World Heritage property in recognition of the ‘Outstanding Universal Value’ (OUV) of the area, and the progress achieved in protecting and managing the area for future generations. The initial inscription included the Dutch and German Wadden Sea, and the property was inscribed under three of the four natural World Heritage criteria (viii, ix, x). The key values within these criteria are summarised in Figure 1.3.
The Wadden Sea World Heritage property was extended in 2011 (Hamburg) and in 2014 (Denmark and further offshore areas in Lower Saxony). Today the World Heritage property covers an area of 11,434 km² extending across the Danish Wadden Sea conservation area; the German Wadden Sea National Parks of Hamburg, Lower Saxony, and Schleswig-Holstein; and the Dutch Wadden Sea Conservation Area. 
As shown in Figure 2.2, much of the property is comprised of inter-tidal areas but it also includes offshore areas to a maximum depth of 20 metres. The landward boundary of the property follows the coastline of the three countries for roughly 500 km. Most of the Wadden Sea islands are not part of the World Heritage property but there are strong linkages between the islands and adjoining coastal waters which form an important part of the holistic approach to management of the area and the community associated with the property.
In terms of management, Denmark, Germany and the Netherlands have been cooperating to protect the Wadden Sea as an ecological entity since 1978. This transboundary ecosystem-based collaboration was a prerequisite for the inscription of the Wadden Sea as World Heritage property by UNESCO in 2009 (noting the property was extended in 2011 and 2014). This joint responsibility has been further affirmed in the agreement by the countries to develop a single integrated management plan for the property (see [footnoteRef:3]). [3:  https://www.waddensea-worldheritage.org/sites/default/files/2018_leeuwarden_declaration.pdf] 
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Figure 2.1. The Wadden Sea Region with Trilateral Wadden Sea Cooperation Area (red outline), much of whichis now within the Wadden Sea World Heritage property (Figure 2.2). Also shown are the adjoining coastal jurisdictions (shown by various colours)
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Figure 2.2. Map of the Wadden Sea World Heritage Property; also shown are the national boundaries (source: CWSS)
2.2 Overview of the political and socio-economic factors in the Wadden Sea property 
While the Wadden Sea was not the largest World Heritage property assessed using the CVI to-date[footnoteRef:4], it was the most complex. The reasons for this high degree of complexity included a combination of factors as outlined below:  [4:  Shark Bay, Western Australia was assessed in 2019 and is nearly double the area.] 

1. Multiple jurisdictions: Being a tri-national property, there are a variety of jurisdictions involved. While the framework of the Trilateral Wadden Sea Cooperation (TWSC) has led to cooperative management and policies, some differences in management approaches remain.
1. Cultural differences and nuances: From a cultural perspective, humans have had a profound and long-lasting influence on the land and sea in the Wadden Sea Region for some 2500 years. Natural and cultural landscapes are closely integrated; however, there are also different cultural views on nature, nature protection and coastal protection. 
1. Social considerations: Some 3.5 million people live in, or adjacent to the Wadden Sea (CPSL 2010). Hamburg is one of the biggest harbours in Europe. Over 10 million tourists visit the area every year generating € 3-5 billion turnover. One example of a social problem is the ongoing gentrification of the islands, threatening both islanders and tourists, and resulting in a growing lack of affordable housing for the children of island-dwellers.
1. Extent of the adjoining coastal area: The area to be included in analyses depends upon the topic being analysed; e.g., agriculture behind the dikes, and tourism on Dutch islands is undertaken on areas outside the World Heritage property.
1. Geographical diversity across the economic sectors: as an example, regulations for fisheries differ over the three countries. Blue Mussels are the most intensely exploited shellfish in the Dutch and German Wadden Sea. This fishery is strongly regulated, and some areas are closed for fishing activities in each country. Denmark, in contrast, has banned shrimp and mussel fishery entirely.
1. OUV reflects only natural values: Properties can be inscribed as World Heritage for natural and/or cultural values. While cultural values are present, only natural values are recognised in the inscription. As the Phase 1 workshop focused on OUV and therefore impacts on the natural system, it did not generate information on climate impacts on other values. 
1. Economic sectors can influence values: Economic sectors of the region can profit from the World Heritage status but may also have negative impacts on the values and attributes of OUV. Therefore, effective management of the property needs to ensure an ecosystem approach that integrates the management of protected areas with other key activities occurring in or adjacent to the property (Statement of OUV 2009). 

Together, these factors provide a highly complex back-drop for a singular analysis of the entire Wadden Sea property in terms of the economic, social and cultural aspects. Including participants with a broad range of expertise and diverse perspectives provided a means to encapsulate such complexity within the rapid analysis.


3. Economic, social and cultural aspects of the Wadden Sea property	
To assess the Community Vulnerability, the CVI process considers economic, social and cultural aspects associated with the property. While information on the economic aspects is typically available, there is often less information available for a detailed analysis of social and cultural aspects. In the Wadden Sea, the social aspects (i.e., those involving interaction with the property) and cultural aspects (i.e., those more associated with peoples' emotive connections) of the region are often interlinked; however, there was limited information available and this information was variable across the region.
3.1 Economic aspects of the Wadden Sea
Prior to this workshop, the decision was made that the six economic sectors shown below would be assessed as part of the Community Vulnerability for the Wadden Sea. These include five key topics (excluding Agriculture) selected for the single integrated management plan which is currently being developed to support the continuous improvement of coordinated management for the conservation of the transboundary Wadden Sea World Heritage site. The following summaries are derived from Quality Status Report thematic updates[footnoteRef:5]: [5:  https://qsr.waddensea-worldheritage.org/human-activities] 

Energy/infrastructure (includes wind generation, marine generation, cables, bridges): In the past, the extraction of gas (Dutch) and oil (German), and the consequent industrialisation at nearby ports, were key energy-related activities in the Wadden Sea region. While the Netherlands and Germany have made a clear commitment at the highest political level to not allow exploration or exploitation of oil and gas within the World Heritage property, some activities remain in the areas adjacent to the property. The Wadden Sea Conservation Area is excluded from wind farm development but the construction of wind farms in the adjacent sea and land areas has rapidly increased in past years and will continue to increase in the future to meet the energy transition goals; associated cable laying activities and cable connections to the mainland directly affect the Wadden Sea area.
Shipping/harbours (includes cargo shipping, person shipping): The Wadden Sea is adjacent to some of the busiest shipping routes in the world. Within and close to the Wadden Sea, are some of northern Europe’s largest ports, which are of high economic importance for the region as well as internationally significant. Given the area’s ecological importance, the Wadden Sea was designated as a Particular Sensitive Sea Area (PSSA) in 2002, enabling the contiguous states to adopt measures intended to reduce the impacts of shipping activities (e.g., navigation control including Vessel Traffic Management System, VTMS; Traffic Separation Scheme, TSS).
Agriculture (includes grazing, cropping, cultivation): Traditionally, the Wadden Sea region has been an important agricultural area (both pastoral and arable) and has undergone substantial changes over the last 100 years. Technological advances (e.g., use of machinery, artificial fertilizers, pesticides) have provided economic benefits, but also led to increased pressures (e.g., invasive species, disease, algal blooms).
Coastal Protection (includes dykes, sand nourishment, site hardening, planning): Coastal flooding and coastal erosion have always threatened inhabitants of the region and their assets. About 3.5 million inhabitants live in the Wadden Sea region and are therefore dependent upon effective and reliable coastal protection and management (CPSL 2010). Dykes, causeways, and coastal protection works (e.g., groins) have been built to protect the hinterland from flooding and to stop coastal erosion. Over time, increased knowledge has improved coastal protection techniques. Today, nature-based solutions are considered for the islands, such as sand nourishment to prevent coastal erosion.
Fisheries (includes shrimp, mussel and other fisheries and aquaculture): The area’s economically most important fisheries are for the North Sea brown shrimp (Crangon crangon) and, with strong regulation, for blue mussels (Mytilus edulis). Fishing along the coast is gradually being supplanted by tourism and nature conservation, and conservation efforts have recovered some formerly exploited marine species (Lotze 2007). Aquaculture activities in Netherlands and Germany focus on blue mussel cultivation on bottom culture plots and seed mussel collection. 
Tourism (includes guided tours, accommodation, day visits):  The Wadden Sea is one of the most popular tourism and recreation destinations in northern Europe, based largely on the lure of the coast, the maritime heritage of the area and the rural landscape. Tourism at the coastline is a highly developed economic sector and a major pillar for the region. Millions of day visitors and overnight guests every year contribute to the economic stability of the area. Cultural tourism/heritage tourism are far less in economic terms, but nevertheless both markets are growing. For remote communities, especially on the islands in the Wadden Sea, tourism is an important economic lifeline. Most communities are committed to maintain nature-based quality tourism instead of intensive massive tourism development.
Each of the above sectors have considerable economic significance for the Wadden Sea region. To varying degrees, each of these sectors depend upon, or impact upon, the values which are also significant for the Wadden Sea World Heritage property. This Community Vulnerability assessment was not about the extent to which the sectors themselves were being influenced by climate change, but rather how changes in the World Heritage values because of climate change would impact these sectors.
Within the constraints of suitable protection and natural development of the Wadden Sea, economic activities and development remain essential, and sustainable human uses will continue. They must be continuously balanced in a harmonious relationship between the needs of society and ecological integrity, and therefore are guided by stakeholder fora and organizations, e.g., the Wadden Sea Forum. Given the significance of the values of the Wadden Sea, these sectors all need part of an integrated approach to planning and conservation at national, regional, and local levels.

3.2 Social aspects of the Wadden Sea
In an historical sense, the majority of local residents are designated as Frisian[footnoteRef:6]. The German part of the Wadden Sea region houses 53% of the population, whilst 37% live within the Netherlands and 10% in the Danish part. One feature that distinguishes the Wadden Sea inhabitants from their inland counterparts, is the ingrained, secular agrarian-maritime character of the region which is in clear distinction to its counterpart, the hinterland (see [footnoteRef:7]). The inhabitants of the Wadden Sea region also have generally more territory at their disposal than their counterparts in Denmark, Germany, and the Netherlands7. [6:  A cultural region in Germany and the Netherlands, traditionally inhabited by the Frisians, a West Germanic ethnic group.]  [7:  https://qsr.waddensea-worldheritage.org/reports/landscape-and-culture] 

Demographic and economic contraction, along with social decline, form potential threats for the resident population to continue to identify with the goals of the Wadden Sea World Heritage property. The ongoing gentrification[footnoteRef:8] of the islands constitutes another potentially threatening development to both islanders and tourists.  [8:  Gentrification is the process of changing the character of a community through the influx of more affluent residents and businesses spilling over from neighbouring cities and towns.] 

Climate change is a threat and a challenge to both social and cultural aspects of the Wadden Sea region, including irregular precipitation, higher sea-level and increased storm surge negatively affecting freshwater availability and the use of coastal areas. Depending on the type of threat, impacts can be interpreted differently by different groups. For example, while the reinforcement of dykes now meets little resistance from local populations, dynamic coastal management encounters varying degrees of opposition.

3.3 Cultural aspects of the Wadden Sea	
There is hardly a part of Europe where humans have had such a profound and long-lasting influence on the land, and particularly the coastal areas, resulting in a very strong connection between some inhabitants and the physical environment. The rich cultural heritage of the Wadden Sea provides evidence of centuries of interaction between humans and nature. Residents express themselves using cultural concepts such as a strong attachment to the natural environment, individualism, self-reliance, the love of freedom, an aversion to interference from elsewhere, and an egalitarian mind-set (see [footnoteRef:9]). As a result, every action aimed at the protection and development of the Wadden Sea area, whether in regard to World Heritage or otherwise, needs to take these human factors into consideration. Consideration of the significant natural values of the Wadden Sea, along with the integration of the natural and cultural landscape, are therefore fundamental prerequisites for the future of the Wadden Sea region. [9:  https://qsr.waddensea-worldheritage.org/reports/landscape-and-culture] 

In the past, the coastal and rural landscapes were dominant and traditional activities (primarily agriculture and fishing) were the principal sectors. The manifest expression of the Wadden cultural landscape was found in its visible elements that traditionally dominated the landscape, (e.g., churches, farmhouses, traditional windmills, ditches, and dykes). Today, tourism has become one of the most prominent sectors, and modern industry has become dominant along many parts of the Wadden Sea coast. Refineries, shipyards, chemical plants, incineration plants, power stations, container terminals, tall chimneys and storage sheds dominate the horizon in and around many coastal areas. Together with modern wind farms and the increase in high-rise buildings (e.g., flats, apartments, hotels), such infrastructure has a visual and physical impact on the natural and cultural environment, not only by day, but also by night (e.g., light pollution). In the open cultural landscape of the Wadden Sea, the visible impact of modern interventions (e.g., wind farms, ‘industrial’ farms, greenhouses, town and village expansion schemes) is a major concern9.
In recent years, the cultural richness and landscape treasures of the Wadden Sea region have been considered to be significant on an international scale (Frederiksen 2011). Hence, they have been mapped and analysed, and a proposal for an overall strategy to protect, enhance and manage them was developed (see [footnoteRef:10]). [10:  http://www.lancewad.org/Leaflet/Leaflet-english/LancewadPlan_Leaflet-english.pdf] 



4. Assessing Community Vulnerability (CVI Phase 2) for the Wadden Sea property
4.1 Overview of the CVI Phase 2 process (assessing and then combining the ESC components)
The CVI assessment of the Community Vulnerability builds upon the Phase 1 assessment of OUV Vulnerability (i.e., the level of vulnerability of the key values that collectively comprise the OUV). It is the implications of the OUV Vulnerability for the surrounding community that depends upon the World Heritage property that is assessed in Phase 2. Whilst these two phases can be undertaken in a single assessment, for the Wadden Sea they were undertaken separately (February 2020 and February 2021, respectively). Important to the continuity of separate-phase CVI applications is a high degree of consistency of the participants at the two workshops, or at the very least, a common understanding of the CVI process and sufficient time to ensure this.
Community Vulnerability is evaluated by considering economic, social, and cultural (ESC) aspects of the community associated with the property. Economic aspects are considered as high-level business types associated with the property. Social and cultural connections are evaluated for three people groups: locals, other nationals (or regional people) and internationals. The key difference between these analyses is that social connections are about activity associated with the property and so require a physical interaction, whereas cultural connections are about individual and communal identity for which a physical interaction is not necessary.
For each of the ESC aspects, the measure of the dependency upon the property and the capacity to adapt in the face of loss of World Heritage values due to projected climate change are evaluated. Dependency reflects the extent to which the loss of World Heritage values will affect ESC indicators in the future. These effects can be positive or negative (assessed on an eight-point scale, high-negative to minimal-negative then minimal-positive to high-positive); e.g., some business types may experience an increase in economic value. Separate assessments for economic, social and cultural dependency are combined to give an overall ESC dependency. Adaptive capacity reflects the current level of capacity within each component to adapt in the face of loss of World Heritage values due to key climate stressors, and only has a positive directionality (four-point scale, minimal to high). Whilst future adaptive capacity may be developed (potentially in response to opportunities identified through the CVI process), these cannot be included in the assessment. As for dependency, separate assessments for economic, social and cultural adaptive capacity are combined to give an overall ESC adaptive capacity. 
CVI workshops are designed to be undertaken in a combination of plenary and breakout-group sessions. Information is presented during plenary sessions and discussions are conducted. Breakout groups, typically comprised of participants with diverse backgrounds and perspectives, undertake assessment tasks for the various components. For the Phase 2 workshop, the breakout groups were asked to assess six areas of community: economic, social and cultural dependencies (separately); and economic, social and cultural adaptive capacities (Table 4.1). The assessed outputs were reported back to a subsequent plenary session for synthesis and to produce the final assessments. 
The timeframe for consideration of Community Vulnerability is necessarily coupled with that used for the OUV Vulnerability assessment. For the Wadden Sea, two timeframes of OUV Vulnerability had been evaluated (ca. 2050 and 2100); the Community Vulnerability was assessed for the earlier of these (ca. 2050).
Past assessments of Community Vulnerability have shown that the development of a future scenario within which to consider economic, social, and cultural aspects was helpful. The 2050 scenario proposed within the OUV Vulnerability report (Heron et al. 2020b) was adopted for the Phase 2 workshop (Table 4.2). Notably these reflect global projections but were deemed appropriate to inform the scenario.

Table 4.1. Breakout groups responded to six assessments for defined business types (Economic) and people groupings (Social, Cultural), considering future effects (Dependency) and current Adaptive Capacity. Border colours correspond with the elements of the CVI framework (Fig. 1.1).

	Economic dependency:
	For each…
	business type 
acting inside…
	the World Heritage boundary (including buffer region if applicable), determine the extent to which loss of World Heritage values due to the key climate stressors will…
	change the direct economic value…
	in the future as [POSITIVE, NEGATIVE] in direction, with a [MINIMAL, LOW, MODERATE, HIGH] level.

	Social dependency:
	
	people grouping associated with…
	
	affect society…
	

	Cultural dependency:
	
	people grouping associated with…
	
	affect cultural connections…
	

	
	
	
	
	
	

	Economic adaptive capacity:
	For each…
	business type 
acting inside…
	the World Heritage property (including buffer region if applicable), determine the capacity now that…
	the business type has…
	to adapt in the face of loss of World Heritage values due to the key climate change stressors as [MINIMAL, LOW, MODERATE, HIGH].

	Social 
adaptive capacity:
	
	people grouping associated with…
	
	society has…
	

	Cultural adaptive capacity:
	
	people grouping associated with…
	
	cultural connections have…
	








Table 4.2. Scenarios of the three key climate stressors identified by the Phase 1 workshop to support assessment of Community Vulnerability. Values for each variable (and likely range) from IPCC (2019).
	Climate Stressor
	ca. 2050 projection

	Sea level rise
	0.32 m (0.23-0.40 m)1

	Sea temperature trend 
	0.95°C (0.60-1.29°C)1,2

	Extreme temperature events (global)
	2- to 10-fold increase in frequency


	1RCP8.5, relative to 1986–2005	22031-2050

Assessments of economic dependency and adaptive capacity were informed by market value and participation estimates for each sector. Prior to the workshop (as part of the registration process), participants were asked to rank the six pre-defined economic sectors in order of their dependence upon the World Heritage values and attributes. The outcomes indicated that the Energy/ Infrastructure sector was perceived to have the lowest dependence upon World Heritage (left-skewed distribution; Fig. 4.1), whilst Tourism had the highest dependence (right-skewed). 

[image: Forms response chart. Question title: Please rank the industry sectors in order of their LEVEL OF DEPENDENCE upon the Wadden Sea World Heritage property and its identified values and attributes (i.e., to what extent will that industry be impacted if the values deteriorate). Rank from lowest=1 to highest=6.. Number of responses: .]
Question asked: “Please rank the industry sectors in order of their LEVEL OF DEPENDENCE upon the Wadden Sea World Heritage property and its identified values and attributes (i.e., to what extent will that industry be impacted if the values deteriorate). Rank from lowest=1 to highest=6.”
Figure 4.1. Pre-workshop perceptions of participants on the rank-order of relative dependence of economic sectors upon World Heritage. 
4.2	Outcomes of the Community Vulnerability assessment
In summary, the Phase 1 workshop identified the top three climate stressors affecting the key values of OUV (Figure 1.3) as: Temperature trend; Extreme temperature events; and Sea level rise. The vulnerability of OUV to the two temperature-related stressors was assessed as High for both the 2050 and 2100 timeframes, while the assessment of Low vulnerability to Sea level rise around 2050 increased to High vulnerability for 2100. For both timeframes, the overall OUV Vulnerability was High.
In Phase 2, while all economic sectors were evaluated, the analysis of economic dependency focused on the three deemed to have greater dependence upon the World Heritage values (Tourism, Fishery and Coastal Protection) and when combined across breakout groups resulted in an assessment of low-negative dependency. Social and cultural dependencies were also assessed in the low-negative category, resulting in an overall ESC dependency assessed as low-negative. Economic adaptive capacity focused on the same three economic sectors as the dependency and was assessed as moderate. Social and cultural connections were also assessed as having moderate adaptive capacity, which led to the overall ESC adaptive capacity to be moderate.
Based on these and combined with the OUV Vulnerability assessment of High (from Phase 1), the Community Vulnerability was determined to be Moderate. Additional details of the workshop assessments from both phases are provided in Annex 2.
Despite some concerns raised regarding the variability between participants in arriving at decisions within the breakout groups (as was expected based on the diversity of participants), there was a good-to-high degree of consistency between breakout groups in the synthesis of the overall assessments. Re-applying the analysis (on a post hoc basis) considering all economic sectors, rather than focusing on the three sectors most dependent upon the values and attributes of the property, produced the same outcomes for the Economic assessments (i.e., Low-Negative dependency and Moderate adaptive capacity). As such, the outcome was not sensitive to this decision based on the combined responses from breakout groups.


0. Perspectives of participants in the Phase 2 workshop 
As stated, the assessment of Community Vulnerability using the CVI process is by definition through the lens of the loss of identified key values due to climate change. This is distinct from potential impacts on the community directly related to climate change. The nuance of this distinction led to much discussion during the workshop. As the mandate of the workshop was to consider the impact on the community of loss of World Heritage values from climate change, the outcome was predicated on this. However, we note that some participants may have also considered direct impacts of climate change on economic sectors.

Variability in assessments
A diversity of perspectives from workshop participants was always expected and is considered a valuable asset of the CVI rapid assessment process (the breakout groups help to discuss and facilitate the diversity of views). Participants also noted that there was, at times, substantial variation in the assessments made within the process (Table 4.1) within breakout groups. This included where sub-components of sectors or people groups were expected to have different, or even divergent, future changes (Dependency) or current Adaptive Capacity (e.g., to support coastal protection). In some cases, this variation was borne out of geographical differences (i.e., effects on business types or people groups being different across the Wadden Sea regions) but also represented the different perspectives or understandings of individuals and their areas of interest or focus. Some breakout groups indicated difficulty in resolving those differences to select one outcome that represented the spectrum of their discussions. Previous applications of the CVI have also encountered the challenge of breakout groups selecting a single, integrated outcome. It is important to note that the rapid assessment nature of the process requires this of the participants because there is not scope to undertake detailed assessments at a finer resolution (which could become the topic of future, more-detailed analysis). However, in this instance the combination of factors such as the vast, multi-jurisdictional geography and limited time appeared to further conflate the challenge of providing single, integrated assessments.

Decoupling of economic sectors from World Heritage values
An overarching perspective of the participants was that there seemed to be an apparent decoupling of the community and the World Heritage property (ESC-OUV connections), which carries across to consideration of the potential impacts of climate change. Examples of this from the economic sectors of Energy/Infrastructure, Shipping/Harbours and Agriculture, for which comments included that the “functioning of the sector is rather independent of key values”, “no effect from loss of OUV” and “minimal impact expected”; many comments addressed climate impacts independent of the identified key values, further emphasising the separation of community from the property (Table 4.3).
Some comments on the Fishery sector indicated that a loss of key values “will have a negative effect on species”, noting also that the “fishing sector can adapt, but [doesn’t] like change”. The dependency assessment for the Tourism sector was noted as “difficult” due to lack of connection with OUV and that non-OUV implications of climate change (e.g., enhanced visitation with warmer conditions) may offset those related to OUV (e.g., changes in biodiversity). There was some perception that the influence of “OUV is overestimated” with respect to the Tourism sector (compared with the pre-workshop rankings of dependence upon World Heritage values).

Table 4.3. Synthesis of comments from breakout groups and participant feedback related to economic dependency and adaptive capacity. Those associated with a loss of key values (of OUV) are shown in bold.
	Sector
	Summary of comments on Economic Dependency
	Summary of comments on Economic Adaptive Capacity

	Energy/Infrastructure
	Independent of OUV, not much change by 2050.
	Loss of OUV irrelevant or causing minimal impact.

	Shipping/Harbours
	Harbours affected by sea-level rise;
Local shipping (ferries) affected by changes to Tourism.
	Loss of OUV irrelevant or causing minimal impact;
The need for Harbours to adapt is small by 2050 (but larger beyond);
Shipping has high adaptive capacity to sea-level rise.

	Agriculture
	Impacts of drought (salinisation) and sea-level rise not related to OUV;
Drainage may have links to loss of OUV; however, these are complex.
	Limited capacity to adapt to increased salinity in the hinterland.

	Coastal Protection
	Minimal effect by 2050, but will be greater with accelerating sea-level rise.
	Dikes are the current strategy but require time to implement /modify; nature-based approaches are being considered.
Adaptive capacity is expected to be lower post-2050, so action now is important.

	Fishery
	OUV biodiversity loss;
Needed dedicated experts (fishers).
	limited potential adaptations (regulatory system is static and does not allow different types of catch);
Innovation varies geographically.

	Tourism
	Difficult to assess, as there is also a positive effect of nicer climate conditions;
World Heritage will remain important (e.g., scenery) even with OUV loss;
OUV biodiversity loss has effect.
	Sector is partly independent, well resourced.




Social and cultural perspectives
Social and cultural assessments were considered “difficult to assess [due to the] difference between people outside the area and the OUV (key values) in the area”. Participants felt that they had limited expertise in these areas, indicated they were “biased by personal experience” that may not be representative of the broad population, and reported uncertainty in these assessments. As noted previously, diverse participant perspectives were both expected and considered a valuable asset of the process. Of the 12 social and cultural assessments, breakout groups were able to achieve agreement and report an assessment with the exception of one group not providing the three cultural adaptive capacity assessments. Given the above complexities and the need to bring the widely differing perspectives of participants together to arrive at a common assessment outcome, the time set aside for the totality of the workshop proved to be insufficient and caution should be exercised regarding the outcomes. 
There was a perspective shared that while a low level of cultural connection was indicated by the workshop participants, that this was seemingly not aligned with the national (and international) recognition of the Wadden Sea as, regionally, one of the most appreciated nature areas. The understanding of its intrinsic value and a perceived desire to care for and protect the Wadden Sea would suggest stronger cultural connections and therefore higher vulnerability than the assessment outcome.

Participant feedback
Most workshop participants recognised that the issue of climate change in the Wadden Sea was exceedingly complex (‘... climate change and Wadden Sea is not an easy puzzle to solve…”) and hence needed to be discussed further to ensure all participants understood this complexity. Below are some excerpts from the chat comments during the workshop and from follow-up emails received by CWSS after the workshop:
... the variation within the groups and between the groups was large, implying that averaging the outcomes does not reflect … the struggles we encountered trying to judge the impacts of climate-driven changes in OUV on Economic, Social and Cultural components of the Wadden Sea… 
…during our breakout session we recognized at several points that we had a differing understanding of the question to be answered. While some had a look at the influence of the three stressors on the sectors, others discussed the influence of the changes in the key value due to climate change. These two perspectives were mixed up quite often. Hence, I fear that the heterogeneous picture in the results of the working groups might to some extend reflect the heterogeneous understanding of the perspective we [were] asked to apply...
Some participants who had been involved in both workshops spoke of a different understanding of the outcomes from each workshop:
Where the first workshop appears to have been very successful, we may have to conclude that the second wasn´t in applying this particular methodology, with this group of people under these circumstances…
...the second workshop provided a platform for identification of knowledge gaps and the importance of interdisciplinary expertise to address climate change as a fuzzy problem...
...many knowledge gaps have arisen in the process, particularly on tourism and socio-cultural issues…
Some participants felt that there was insufficient knowledge in the workshop to speak on behalf of the diversity of community views:
…none of us are in a … position to speak on behalf of all the Wadden Sea communities… 
Some participants recognized that while the OUV Vulnerability assessment may have seemed clear and straightforward, the Community Vulnerability was far harder to comprehend and therefore harder to meaningfully assess:
…The community vulnerability seems of less importance … certainly, as we established that these seem rather independent of the key-values. This is actually what we see in the area: professional people (ecologists) are concerned on the potential effects of climate change on the ecosystem. …declines in biodiversity and bird and fish numbers are far from good. However, the people (in general) are not very concerned (“plenty of birds around”) and don’t always see the problem (“nice, a bit warmer water”). And this is also the key problem with the message we now get from the workshop. The community is not very vulnerable, so the concern is that they won’t see any need to act. Which from this perspective solely might be a right conclusion, but this is of course not the total picture as there is a clear need to preserve and protect natural values. Given the workshop results, it seems that this is mainly due to their intrinsic value and not because the community depends on them. But the interesting question is: aren’t intrinsic values determined by social and cultural factors? So there seems to be some mismatch….
…tourism is perhaps an illustrative example of the multiple perspectives …. involved of good vs bad. The Danish camp sites and summer house owners would love for more tourists to arrive and use the coast. Conservationists caution about the ever-rising arrival statistics. So, to whom is economic dependency on tourism good or bad, high/low? 
There was, however, a recognition and broad agreement that the components of the Community Vulnerability (i.e., the ESC components) were important and needed to be assessed:
…very important issues identified that should be addressed after this workshop…
…I am glad, that these sociocultural aspects are seen. Maybe this necessary discussion on a complex topic needs more steps (regarding more intensively special aspects like language, traditional economic structures, small village/island communities and so on)…
… for management in a broader perspective (e.g. SIMP), it is of course very relevant to look at the ESC factors. Because the human activity in the sectors we chose cause almost all of the disturbance for nature! And maybe the best way forward for nature and dealing with climate change, is to fully remove all human activities … Being more realistic, the question is: is there a clear need to further reduce human activity to make nature more resilient against climate change?... 
While an outcome of the workshop was achieved, there was an overall feeling amongst some participants that too much was attempted in too short a time:
... Our tasks [over two half-days] may have been too ambitious or simply near to impossible for us under these circumstances. Maybe we have to be straightforward about this. We tried and we did not get to where we wanted to go…. 


0. 	Knowledge gaps identified
While considerable research has been conducted in the Wadden Sea and produced a wealth of knowledge, key research needs and policy gaps identified through the workshops included:
Research needs
· Consider the application of the Ecosystem Services Approach to analyse climate change effects on the economic, social and cultural components (e.g., similar to Clarke et al. (2021). The Life Cycle Analysis is another, complementary option, both of which would require a multi-disciplinary approach.
· Consider the growing evidence of the impacts of oceans and seas on human health and wellbeing (e.g., similar to Fleming et al. 2014).
· Research on impacts of changes of nature values (for different reasons) on "cultural connection".
· How do cultural perceptions (several aspects) change over time and over generations?
· Wadden Sea-wide economic indicators (value, employment) were not consistently available across the span of the property.
· How will future climate change affect economic sectors; e.g., sea-level rise impacts on energy production (windmills)?
· Investigate the potential discrepancy between economic de-coupling and perceived strong cultural connection with the property.

Policy and guidance gaps
· Need to also include traditions, language, customs, music/ arts/crafts, religion, community values, and sense of place when considering management options for the future.
· How to include direct effects of climate change on the community aspects (ESC) that occur independent of loss of World Heritage values due to climate impacts.
· How to communicate the climate change scenarios with examples that are easy to relate to (e.g., show how loss of diversity may affect fisheries).


0. Lessons learned
CVI process
As has been the case for every CVI application, the Wadden Sea workshops have provided opportunity to review and improve the CVI process. The following list describes important learnings that will benefit future applications of the CVI:
· Improve preparatory work with Steering Committee and participants;
· Give clear explanations of key values, particularly when separate workshops are being conducted for the two phases;
· For applications conducted across two separate workshops, ensure a high degree of overlap of participants;
· Provide clear scenarios of what the Wadden Sea may look like, including changes to OUV and Community aspects, in the discussed timeframe based on the climate predictions (Table 4.2);
· Emphasise that the assessments of community impacts are based on loss of World Heritage values due to climate impacts, not direct effects of climate change upon the community; and
· Consider additional exercises with participants to acknowledge the direct (and indirect) connection of the key values to the community analyses.

Online delivery
The Phase 2 workshop for the Wadden Sea was the first time any part of CVI process had been delivered in an online, or virtual format. Despite some minor technical issues, the online format proved very successful from a technological point of view. A key aspect of this was having a dedicated technical person whose main task included monitoring and augmenting the online capacity of all participants. Each participant was able to join the workshop from their own office or home using their own specific device, whichever suited their situation. Consequently, utilising the Zoom format, each participant appeared as one of numerous small images on a single screen during the plenary workshop sessions.
 As the first-ever online CVI exercise, many lessons were learned regarding this delivery format (detailed in Annex 3). High quality technology was essential, including high-definition camera, desktop microphone and large-screen display for the facilitators. Online tools (Mentimeter[footnoteRef:11], Google Sheets and Forms) proved effective and likely have greater potential than was used in this first online delivery. While Zoom was an effective platform, including the use of breakout rooms for the group work, receiving primary input both verbally and via the chat feature was untenable as both could not be monitored while facilitating the workshop. In addition, as each of the approximately 40 participants was visible only on a small portal on the screen, hand-raising by participants and body language (in a two-dimensional view) were was often difficult to monitor even when using the large display. Recommended responses to improve subsequent online workshops include: using chat only for supplemental information, not primary discussions; and encouraging verbal interventions. [11:  Digital polling software that enables rapidly analysis of audience input enabling real-time feedback using polls, word clouds, Q&As, etc] 


Property-specific considerations
Several decisions and actions had implications for applying the CVI process for the Wadden Sea. Some of these were apparent for the Phase 1 workshop, whilst others applied only to Phase 2. The purpose of summarising these is to inform future applications of the CVI and other assessments, both for the Wadden Sea and other properties. A detailed list is provided in Annex 3.
Following Phase 1, several options were proposed for the format of the Phase 2 workshop, with the decision made to undertake a single workshop for a ‘One Wadden Sea’ outcome – the variety of perspectives on community impacts (resulting from individual experience and geographical variations) likely contributed to the reported uncertainty. Other factors were noted (such as overlap between pre-defined key values, the extent of the terrestrial domain to be considered and the pre-determined economic sectors) that also invoked discussion and desired clarification. Finally, the lack of overlap in participants for the two workshops further exacerbated the time pressures experienced and limited the ability for fully rounded discussions.
While the task of the workshop (to assess the Community Vulnerability using the CVI process) was achieved, additional time for discussions would likely have resulted in a better participant endorsement of the outcomes. In hindsight, it may also have proven more effective to undertake separate jurisdictional assessments, which could subsequently be synthesised for the ‘One Wadden Sea’ analysis. These changes may well have returned the same outcome; however, doing so would have brought participants along the journey more clearly. 


5. Next steps	
5.1 Next steps for assessing impacts of climate on the Wadden Sea property
The outcomes of the CVI process (i.e., Phases 1&2 combined) were seen as a rapid assessment to highlight priorities and a step along the path of action in response to climate change in the Wadden Sea. This may be followed by a comprehensive assessment of most relevant aspects of climate change in the Wadden Sea. 
These results indicate the changes to World Heritage values that are expected over the next 30 years (2050 scenario) may not have a big effect on the economy, society or culture (considering the limitations experienced during the workshop). Based on the workshop discussions and outcomes, direct impacts of climate change stressors (i.e., independent of OUV) are probably of greater concern. Examples of direct impacts mentioned by participants included an increase in beach tourism due to higher temperatures and impacts on crop yields. However, it was also noted that by 2100 (with predicted greater and increasingly rapid climate change) both OUV and the community may be different, so there is a danger now of inaction with a false assumption that “Everything will be OK!”. Furthermore, climate change adaptation by the (local) economy and society might also put more pressure on the Wadden Sea’s OUV; e.g., increasing levels of coastal protection and changes in fresh water management in the hinterland.
The complexities raised in the workshop highlight a number of issues that should be addressed in future deeper-comprehensive ESC analyses that could be informed by this rapid assessment. 
Given there is widespread interest and a need to share/plan/improve measures to address vulnerability due to climate change, it is therefore recommended that the Wadden Sea Board consider:
· Collation of better baseline information on key ESC knowledge gaps followed by subsequent, more-comprehensive ESC analyses;
· Foster understanding of OUV and changes in OUV under various climate scenarios, which could be through the provision of clear (graphical) displays of how the system and OUV would change. This may form a basis for assessment of impacts on associated ESC aspects;   
· Future analyses to be conducted across smaller spatial scales (e.g., jurisdictional) and then synthesised to the full-property scale; and/or a follow-up workshop with a key subset of previous participants for a further half-day (as originally proposed for the Phase 2 workshop)
Following the workshop, one participant wrote:
... we will be faced by local climate-driven adaptations of various components within these aspects (e.g. storing freshwater for agricultural use) that will affect the OUV (e.g. reduction of riverine nutrient supply, loss of estuarine gradients). Basically, a large adaptive capacity of a component might then possibly imply a large impact on the OUV... it might still be something to (additionally) address by exploring 1) what we can expect (scenario’s on adaptative responses of various components), 2) what this could mean for the OUV of the Wadden Sea, and 3) what the subsequent management implications could be. More or less along the lines of the QSR, but then more focusing on the 10 key values of the OUV and on (expected) adaptation strategies within the various sectors…
	

5.2 Comparison with other assessments of vulnerability
Other assessments of the vulnerability of ocean uses to climate change provide a broader context for the Wadden Sea situation. Model predictions of climate change impacts on fisheries in each of the three countries’ Exclusive Economic Zones suggest a small climate change-induced increase in total catch, on the order of 5-10% above a (then) present-day scenario (Barange et al. 2014). A summary of climate vulnerability information for economic sectors in the Barents Sea (Hoel & Olsen 2012) reported that heat-tolerant fisheries would benefit from climate change, whilst Arctic species would be negatively affected – and shifts in distribution could be anticipated for both groups. In addition, ocean warming would increase shipping and energy (petroleum extraction) opportunities by reducing sea ice cover. An analysis of published reports of climate change effects on ocean uses, similar to those considered in this workshop, provided an effective visual summary of potential impacts (Figure 5.1). Notably, this summary reflects direct impacts of climate stressors, as distinct from considering the effect of climate change-related loss of World Heritage values upon ocean uses. Considering the observation of decoupling of economic sectors from the property values and the observed complexity to assess impacts of loss of World Heritage values on the sectors (and community more broadly), a global perspective of vulnerability of ocean uses (Figure 5.1) may be useful as a basis for evaluation of direct impacts of climate change upon the community.
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Figure 5.1. Vulnerability of ocean uses to climate change (Santos et al. 2016). The climate stressors shown are not the same as those applied in the CVI, but there is enough similarity to be useful. Abbreviations used: WARM, warming; ACID, acidification; HYPO, Hypoxia; DSHIFT, distribution shift; SLR, sea level rise; CIRCW, circulation and winds; EXT, extreme weather events; DISHAB, diseases and harmful algal blooms

5.3 Learnings from the application of CVI in the Wadden Sea for other complex properties
Applying the CVI to the highly complex Wadden Sea property has provided insight for subsequent applications to complex WH properties, including:
· From this first assessment of how the Wadden Sea community (economic, social and cultural) may respond to changes in the OUV, participant contributions have indicated that this perspective is extremely important and requires more attention;
· Provision of an easy-to-understand scenario on how the site (including the key values) may look like in future and clear instructions for its use;
· Ensuring sufficient time is allocated in the workshop schedule for discussions and clarifications;
· Consideration of sources of complexity, including variations in infrastructure components; diversity within and between economic sectors; governance complexities; and the need for geographic specificity of assessments;
· Separate assessments may need to be undertaken for some components; a subsequent synthesis of these outcomes may require customised changes to the CVI worksheet, and would further lengthen the workshop (though could be undertaken with a subset of participants);
· Interactions of direct impacts of climate change on community assessments in addition to impacts resulting from the anticipated loss of World Heritage values due to climate impacts; and
· Potential differences for properties in which social/cultural values are included within the OUV.

5.4 Future applications of the CVI
The CVI methodology is now well established but continues to evolve with every application. Applying the CVI in in the Wadden Sea has provided many useful lessons for subsequent applications of the CVI. The face-to-face workshop format for Phase 1 followed by the online format for Phase 2 have provided different learnings (refer to Section 4.5). 
Despite the complexities of the Wadden Sea, and the realisation that the Phase 2 workshop was conducted too rapidly for all participants to effectively understand how the assessment of the Community Vulnerability was derived, the systematic methodology of the CVI process has provided assessments of both OUV Vulnerability and Community Vulnerability. 
The rapid assessment approach of the CVI means that it can be repeated to determine if changes have occurred to the condition of attributes, or to the vulnerability of OUV and the community associated with the Wadden Sea. Re-assessment could align with World Heritage Periodic Reporting (approximately every six years), or with any updated release of climate change projections.
Addressing climate change is not something to be addressed only at the local scale by property managers; more than ever there is a need for planning and funding response capabilities at regional and national scales whilst also taking greater action to reduce greenhouse gas emissions and atmospheric concentrations responsible for climate change.
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Annex 1: Wadden Sea Statement of Outstanding Universal Value
The following Statement of Outstanding Universal Value (OUV) for the Wadden Sea is a fixed description of the World Heritage property referenced to the time of inscription and has been approved by the World Heritage Committee (see whc.unesco.org/en/list/1314). 
Brief synthesis
The Wadden Sea is the largest unbroken system of intertidal sand and mud flats in the world, with natural processes undisturbed throughout most of the area. The 1,143,403 ha World Heritage property encompasses a multitude of transitional zones between land, the sea and freshwater environment, and is rich in species specially adapted to the demanding environmental conditions. It is considered one of the most important areas for migratory birds in the world, and is connected to a network of other key sites for migratory birds. Its importance is not only in the context of the East Atlantic Flyway but also in the critical role it plays in the conservation of African-Eurasian migratory waterbirds. In the Wadden Sea up to 6.1 million birds can be present at the same time, and an average of 10-12 million pass through it each year. 
Criterion (viii) to be outstanding examples representing major stages of earth's history, including the record of life, significant on-going geological processes in the development of landforms, or significant geomorphic or physiographic features;
The Wadden Sea is a depositional coastline of unparalleled scale and diversity. It is distinctive in being almost entirely a tidal flat and barrier system with only minor river influences, and an outstanding example of the large-scale development of an intricate and complex temperate-climate sandy barrier coast under conditions of rising sea-level. Highly dynamic natural processes are uninterrupted across the vast majority of the property, creating a variety of different barrier islands, channels, flats, gullies, saltmarshes and other coastal and sedimentary features.
Criterion (ix) to be outstanding examples representing significant on-going ecological and biological processes in the evolution and development of terrestrial, fresh water, coastal and marine ecosystems and communities of plants and animals;
The Wadden Sea includes some of the last remaining natural large-scale intertidal ecosystems where natural processes continue to function largely undisturbed. Its geological and geomorphologic features are closely entwined with biophysical processes and provide an invaluable record of the ongoing dynamic adaptation of coastal environments to global change. There are a multitude of transitional zones between land, sea and freshwater that are the basis for the species richness of the property. The productivity of biomass in the Wadden Sea is one of the highest in the world, most significantly demonstrated in the numbers of fish, shellfish and birds supported by the property. The property is a key site for migratory birds and its ecosystems sustain wildlife populations well beyond its borders. 
Criterion (x) to contain the most important and significant natural habitats for in-situ conservation of biological diversity, including those containing threatened species of outstanding universal value from the point of view of science or conservation.
Coastal wetlands are not always the richest sites in relation to faunal diversity; however this is not the case for the Wadden Sea. The salt marshes host around 2,300 species of flora and fauna, and the marine and brackish areas a further 2,700 species, and 30 species of breeding birds. The clearest indicator of the importance of the property is the support it provides to migratory birds as a staging, moulting and wintering area. Up to 6.1 million birds can be present at the same time, and an average of 10-12 million each year pass through the property. The availability of food and a low level of disturbance are essential factors that contribute to the key role of the property in supporting the survival of migratory species. The property is the essential stopover that enables the functioning of the East Atlantic and African-Eurasian migratory flyways. Biodiversity on a worldwide scale is reliant on the Wadden Sea. 
Integrity
The boundaries of the extended property include all of the habitat types, features and processes that exemplify a natural and dynamic Wadden Sea, extending from the Netherlands to Germany to Denmark. This area includes all of the Wadden Sea ecosystems, and is of sufficient size to maintain critical ecological processes and to protect key features and values. 
The property is subject to a comprehensive protection, management and monitoring regime which is supported by adequate human and financial resources. Human use and influences are well regulated with clear and agreed targets. Activities that are incompatible with its conservation have either been banned, or are heavily regulated and monitored to ensure they do not impact adversely on the property. As the property is surrounded by a significant population and contains human uses, the continued priority for the protection and conservation of the Wadden Sea is an important feature of the planning and regulation of use, including within land/water-use plans, the provision and regulation of coastal defences, maritime traffic and drainage. Key threats requiring ongoing attention include fisheries activities, developing and maintaining harbours, industrial facilities surrounding the property including oil and gas rigs and wind farms, maritime traffic, residential and tourism development and impacts from climate change. 
Protection and management requirements
Maintaining the hydrological and ecological processes of the contiguous tidal flat system of the Wadden Sea is an overarching requirement for the protection and integrity of this property. Therefore conservation of marine, coastal and freshwater ecosystems through the effective management of protected areas, including marine no-take zones, is essential. The effective management of the property also needs to ensure an ecosystem approach that integrates the management of the existing protected areas with other key activities occurring in the property, including fisheries, shipping and tourism. 
The Trilateral Wadden Sea Cooperation provides the overall framework and structure for integrated conservation and management of the property as a whole and coordination between all three States Parties. Comprehensive protection measures are in place within each State. Specific expectations for the long-term conservation and management of this property include maintaining and enhancing the level of financial and human resources required for the effective management of the property. Research, monitoring and assessment of the protected areas that make up the property also require adequate resources to be provided. Maintenance of consultation and participatory approaches in planning and management of the property is needed to reinforce the support and commitment from local communities and NGOs to the conservation and management of the property. The State Parties should also maintain their commitment of not allowing oil and gas exploration and exploitation within the boundaries of the property. Any development projects, such as planned wind farms in the North Sea, should be subject of rigorous Environmental Impacts Assessments to avoid any impacts to the values and integrity of the property.






Annex 2: Brief summary of outcomes from the CVI Phase 1 workshop for the Wadden Sea
Several steps were undertaken during the Phase 1 workshop that familiarised participants with foundational information about the property. Current condition and recent trend (since inscription) of the key attributes were assessed. Key climate stressors were selected by considering likely impacts on the key values (Figure 1.3). Decisions on the climate projection scenario (RCP8.5) and timeframe for evaluation (2050, 2100) were made.
[bookmark: _Hlk86320931]Based on these, various assessments in the CVI process were undertaken, summarised in Table A2.1 for 2050, to determine the OUV Vulnerability as High.
Table A2.1. Rapid assessment of OUV Vulnerability to identified three key climate stressors for the 2050s from the Phase 1 workshop report (Heron et al. 2020). Assessed values of exposure, sensitivity and adaptive capacity contribute to derived outcomes of potential impact and OUV Vulnerability. Colours refer to the elements of the CVI framework (Figure 1.1).
[image: ]

Details of the workshop assessments towards the Community Vulnerability assessment of Moderate for the 2050 timeframe are summarised in Table A2.2.


Table A2.2. Rapid assessment of Community Vulnerability to loss of World Heritage values, related to the assessed OUV Vulnerability for the 2050s (Table 1.1). Assessed values of economic, social, and cultural (ESC) dependency and adaptive capacity contribute to derived outcomes of ESC potential impact and Community Vulnerability. Colours refer to the elements of the CVI framework (Figure 1.1).
[image: ]


[bookmark: _Hlk86066358]Annex 3: Details of lessons learned
Details of lessons learned regarding online delivery
As the first-ever online CVI exercise, many lessons were learned; for example:
· Setting up a ‘control room’ with large multiple screens was effective for the workshop facilitators, enabling the facilitators to see all participants while also allowing preparation for subsequent workshop sessions. 
· Having a good quality video camera and desktop microphone in the control room was essential and also proved effective. 
· Good quality internet connectivity between Europe and Australia enabled effective visual and audio transmissions. Participants were requested to mute their microphones unless they were speaking; however, leaving video cameras turned on helped to keep all participants engaged.
· Zoom proved an effective platform for the workshop enabling both plenary sessions and breakout groups, while also enabling the sharing of screens to showcase information.
· Having separate laptops in the ‘control room’ and pre-determined links for each breakout group worked well; the pre-allocation of individuals to specific groups was easily done and allowed virtually instantaneous transitions between plenary sessions and breakout groups. 
· The use of Mentimeter[footnoteRef:12] and Google Sheets & Forms all worked well, with participants utilizing the forms in an effective and timely manner, enabling real-time feedback to participants.  [12:  Digital polling software that enables rapidly analysis of audience input enabling real-time feedback using polls, word clouds, Q&As, etc] 

· The ‘chat’ capacity meant those participants who might otherwise feel reticent to speak in a face-to-face workshop, were able to type in comments or provide input. However, the rapid pace of the workshop meant some chat comments became ‘lost’ in the multitude of subsequent comments. Recording the chat proved beneficial leading to a valuable transcript of all the comments.
· The online entry of scores from the breakout groups assisted in facilitation as the scores were easily transferred to the overall workshop spreadsheet. 
· Following a recommendation from an eye specialist, regular short ‘eye breaks’ were introduced during each Zoom session; such breaks were explained to participants and undertaken periodically.
There were also some important learnings to be addressed in future online sessions for the CVI. These included:
· Difficulties in monitoring all the typed chat comments whilst simultaneously facilitating discussion and workshops processes. 
· Problems of seeing ‘hand-raising’ in numerous small images, so some participants needed to interject to get noticed.
· The use of headphones in the Control Room to allow more effective discussions between the facilitators and each breakout group. 
· Body language was not apparent online so that made it hard for the facilitators to assess how participants were following discussions. 
· Additional use of other media and less “lecture” style.




Details of lessons learned regarding property-specific considerations
As noted in the main text of the report, Several decisions and actions had implications for applying the CVI process for the Wadden Sea. Some of these were apparent for the Phase 1 workshop, whilst others applied only to Phase 2. The purpose of listing these is to inform future applications of the CVI and other assessments, both for the Wadden Sea and other properties.
1. Considerations for workshop format options for the Phase 2 workshop were outlined in the Phase 1 report, including (i) geographic scope for the analysis; (ii) representation of participants across the broad geography and stakeholder interests; and (iii) sector-specific climate impacts. Acknowledging the diverse communities associated with the property, workshop formats proposed included:
· separate Phase 2 applications for each of the five major management regions (three in Germany, one each in Denmark and the Netherlands); and separate workshops for each country (three in total);
· separate assessments at the level of local jurisdictions (i.e., within each region/country).
Each of these options would have required multiple workshops and thus incurred higher cost and greater organisational requirements. The decision was made to conduct a single Phase 2 workshop, resulting in a ‘One Wadden Sea’ outcome. With the variety of perspectives (that varied with geography) of participants and their interactions with the property, a consequence of this decision was that there was difficulty in bringing these perspectives and experiences together to arrive at a singular assessment outcome. Notably, this difficulty may have remained to synthesise outcomes from multiple regional workshops.
1. The key values developed by the Common Wadden Sea Secretariat and the Task Group-World Heritage were used in both workshops. Some overlap amongst these was noted by participants in both workshops, which led to discussion of the distinctions between key values. This was relevant in considering climate stressors likely to impact the key values (Phase 1) and in how loss of key values may influence the community associated with the property (Phase 2).
1. An element of uncertainty was also apparent from the definition of the terrestrial domain to be considered for the Community Vulnerability. Several options had been discussed during preparations for the workshop, including limiting the mainland extent of consideration to within 10 km or 100 km of the coast (which is the boundary of the WH property, noting that some islands are included within the property). The decision was made to include the full domain of all coastal jurisdictions abutting the property (Figure 2.1).
1. The economic sectors considered in the Phase 2 analysis were established in prior CWSS activities. During the Phase 2 workshop, there was some discussion of the appropriateness of some sectors in different regions of the Wadden Sea (Coastal Protection was described as a service rather than sector for most regions; however, it was described as a sector by representatives of the Schleswig-Holstein jurisdiction). One participant commented that the health sector may be considered in future assessments.
There was also discussion around the reliance, or lack thereof, of sectors upon the key values. Importantly this also led to confusion about the focus of the CVI process – to assess how loss of key values due to climate change may impact the community – as distinct from consideration of how climate change may (directly) impact the community. The question was raised whether a decoupling of sectors and people from the values comprising OUV would mean that the Community Vulnerability approach (i.e., considering impacts due to climate-related loss of OUV) is assessable.
Additionally, the workshop plan had been to undertake the analysis of economic aspects with participants aligned in sectoral groupings, with each group having geographic representation from across the property. However, some sectors were under-represented (e.g., Shipping/Harbours and Coastal Protection, one participant each; Energy/Infrastructure, no participants). This resulted in a late change in the plan to have each breakout groups comprised of participants from across the diversity spectrum (as is typically undertaken for CVI applications). A benefit of this change was that the breakout groups were consistent for each of the economic, social, and cultural assessments.
1. The lack of overlap of participants between the Phase 1 and Phase 2 workshops meant a low proportion of experience and knowledge of the CVI process from the first workshop was carried into the second workshop. From the post-workshop feedback survey (24 respondents), only one-fifth of respondents to the feedback survey indicated they were present for both workshops. Despite efforts to produce and make available background videos, one-quarter of survey respondents did not view these. Most respondents (87%) had engaged with the documents (including the Phase 1 report) that had been distributed prior to the workshop. However, time was required during the workshop to review aspects of or outcomes from the first workshop (e.g., acceptance of the key climate stressors identified in Phase 1) and provide broader understanding of the CVI process, which had not been allowed for in the already compressed agenda.
1. Insufficient time for the descriptions and discussions was perhaps the greatest impediment for the workshop and was highlighted in participant feedback. While initially proposed to occur over three half-day periods (i.e., three mornings in Europe; three evenings in Australia, where the facilitators were located), the decision was undertaken to hold the workshop over two half-days with some information exchange undertaken via summary videos and materials. The cumulative effect of the factors mentioned above, despite a mid-workshop re-working of the agenda to accommodate discussions that arose, was that the scheduled time did not permit fully rounded discussions. 
While the task of the workshop (to assess the Community Vulnerability using the CVI process) was achieved, additional time for discussions would likely have resulted in a better participant endorsement of the outcomes. In hindsight, it may also have proven more effective to undertake separate jurisdictional assessments, which could subsequently be synthesised for the ‘One Wadden Sea’ analysis. These changes may well have returned the same outcome; however, doing so would have brought participants along the journey more clearly. 


Annex 4: CVI Phase 2 Workshop agenda, 16-17 February 2021
	Plenary sessions shown in Blue 
	Breakout Group sessions shown in Green



	Pre-workshop viewing (pre-recorded videos)

	AIM 1: Ensure all participants understand the Climate Vulnerability Index (CVI) framework and how the OUV Vulnerability was derived at the previous workshop

	a)	Brief overview of CVI framework 

	b)	Recap on previous CVI workshop (Feb 2019) – results up to the assessment of OUV Vulnerability

	1. Outline ESC workshop, including outline of scenario for ESC analysis




16 February 2021
	Day 1: Live interactive via Zoom, 8:30am-12nn

	1. Overview of workshop aims, introductions, use of plenary and small-group sessions, logistics (breaks, etc.) 

	2. Introductions of participants

	AIM 2: Ensure participants understand the scenario to be used during remainder of the CVI assessment

	3. Review 2050 scenario for use in ESC discussion (using same timescale(s) as OUV workshop)
a)	Sea level rise
b)	Sea temperature trend 
c)	Extreme temperature events

	4. Outline process for analysing economic, social and cultural dependency, including the socio-economic potential impact matrix that combines these.

	AIM 3: Consider economic dependency (sensitivity) and adaptive capacity as part of Community Vulnerability.

	5. Overview of sectors directly dependent upon WH property - interactive (~20 min)
•	Description/scope of sector
•	Current economic (market) valuation/s (estimate or range)
•	Potential climate impacts (from top-three and then others)
•	Contributors to this info
Shipping/harbours; Energy/infra-structure; Coastal protection; Tourism; Agriculture; Fishery. 

	6. Outline process for analysing economic dependency and adaptive capacity

	[bookmark: _Ref51765184]7. Participants in breakout groups assess the economic dependency upon the property (thus determining socio-economic potential impact)
•	Potential relative change in economic (market) valuation in the scenario described
•	Level of dependency upon property
Participants in breakout groups then assess the economic adaptive capacity

	8. Reconvene in plenary - bring outputs from #7 back to plenary and discuss assessments of economic dependency and adaptive capacity; and implications for social and cultural considerations
•	Potential relative change in economic (market) valuation 
•	Level of dependency upon property
•	Interactions with other sectors

	9. Process to prepare for Day 2 of workshop




17 February 2021
	Day 2: Live interactive via Zoom, 8:30am-12:30pm

	10. Recap on Day 1 of workshop (including re-visit 2050 scenario being used); outline of Day 2
•	Mentimeter poll

	AIM 4: Consider social and cultural dependencies (sensitivity) and adaptive capacity to determine Community Vulnerability.

	11. Revisit process for analysing social and cultural dependency and adaptive capacity
•	Mentimeter for social aspects
•	Mentimeter for cultural aspects

	12. Participants in breakout groups assess (i) the social dependency and then (ii) the social adaptive capacity

	[bookmark: _Ref51767052]13. Participants in breakout groups assess (i) the cultural dependency and then the cultural adaptive capacity

	14. Bring outputs from #12 & #13 back to plenary and discuss any variation in assessments of adaptive capacity. Examine effect of these on Community Vulnerability. Potential actions/recommendations for future planning. 

	AIM 5: Summary, feedback and next steps.

	15. Summarise outcomes from workshop, following final analysis worksheet

	16. Recap on any items that had been ‘parked’ during the workshop

	17. Where to next? Receive feedback on CVI framework and workshop process




Annex 5: List of participants in the CVI Phase 2 workshop for the Wadden Sea
Legend:  AU – Australia, D – Germany, DK – Denmark, NL – Netherlands; * – Committee
	Name
	Institution
	Country

	Frank Ahlhorn
	Wadden Sea Forum
	trilateral

	Maren Bauer
	MELUND SH
	D

	Bart Beijloos
	Waddenvereniging
	NL

	Thomas Borchers
	Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU)
	D

	Nina Botha
	Universität Würzburg
	D

	Julia Busch*
	CWSS
	trilateral

	Jon Day*
	ARC Centre for Coral Reef Studies, JCU 
	AU

	Klaas Deen
	Waddenacademie 
	NL

	Natalie Eckelt
	Insel- und Halligkonferenz e.V.
	D

	Linda Eich
	BfN - Federal Agency for Nature Conservation
	D

	Heino Fock
	Thünen Institute of Sea Fisheries
	D

	Preben Friis-Hauge
	Wadden Sea Forum
	DK

	Wolfgang Günther
	Institute for Tourism Research in Northern Europe (NIT)
	D

	Sjon de Haan
	Waddenzee.nl
	NL

	Scott Heron*
	James Cook University (JCU)
	AU

	Erich Hinrichs
	Farmers Union and Chamber of Agriculture
	D

	Karst Jaarsma
	Ministry of Agriculture, Nature and Food Quality
	NL

	Saa Henry Kabuta
	Rijkswaterstaat
	NL

	Timo Küpper
	Federal Ministry for the Environment, Germany
	D

	Janne Liburd
	University of Southern Denmark
	DK

	Hilke Looden
	Landwirtschaftskammer Niedersachsen
	D

	Soledad Luna
	CWSS 
	trilateral

	Harald Marencic*
	CWSS
	trilateral

	Rosanne Metaal
	Ministry of Agriculture, Nature & Foodquality
	NL

	Philipp Oberdoerffer
	Landwirtschaftskammer Niedersachsen
	D

	Frank Petersen
	Waddenvereniging
	NL

	Katja Philippart
	Waddenacademie
	NL

	Hans-Ulrich Rösner
	World Wide Fund for Nature (WWF)
	D

	Hein Sas
	Programme towards a Rich Wadden Sea
	NL

	Christoph Schmidt
	Nordfriisk Instituut
	D

	Margrita Sobottka
	Lower Saxon Wadden Sea National Park Authority
	D

	Eva Teckenburg
	Kreis Dithmarschen
	D

	Pieter van Kuppenveld
	Wadden Sea Forum & Trilateral Wadden Sea Sailing Association TWSSA
	trilateral

	Claus von Hoerschelmann
	LKN-SH, National Park Verwaltung Schleswig-Holstein
	D

	Anke Wessels
	Institute for Geography, University of Hamburg
	D

	Anja Wollesen
	Fachhochschule Westküste
	D

	Robert Zijlstra*
	Rijkswaterstaat (RWS)
	trilateral



[bookmark: _Toc32411310]

Annex 6: Acronyms and glossary 
CVI	Climate Vulnerability Index
CWSS	Common Wadden Sea Secretariat
IPCC 	Intergovernmental Panel on Climate Change
OUV	Outstanding Universal Value
QSR	Quality Status Report
SLR	Sea Level Rise
TWSC	Trilateral Wadden Sea Cooperation
UNESCO	United Nations Educational, Scientific and Cultural Organization
WSB	Wadden Sea Board
WSP	Wadden Sea Plan

Adaptive capacity	The ability of a system to adjust to climate change (including climate variability and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the consequences.
Climate	The composite or generally prevailing weather conditions of a region, as temperature, air pressure, humidity, precipitation, sunshine, cloudiness, and winds, throughout the year, averaged over a series of years.
Climate change	A change in the pattern of weather, and related changes in oceans, land surfaces and ice sheets, occurring over time scales of decades or longer.
Exposure	A measure of the contact between a system (whether physical or social) and a stressor.
Sensitivity	The degree to which a system is affected, either adversely or beneficially, by climate variability or change.
Weather	The state of the atmosphere—its temperature, humidity, wind, rainfall and so on—over hours to weeks.

[image: ][image: ]
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Code Climate Stressor Synonyms and Associated Terms Timeframe



T1 Temperature trend (air and/or water) warming; hotter than average weather; increased evaporation; desiccation; sea-surface temperature; ocean warming chronic



T2 Extreme temperature events heatwaves; bleaching; hot spell; desiccation; marine heatwaves acute



W1 Precipitation trend rainfall; rainstorms; showers; drizzle; heavy dew; hailstorms; sleet; snow chronic



W2 Intense precipitation events rainstorms; tropical cyclones; blizzard; storminess; extreme rainfall acute



W3 Flooding (fluvial, pluvial) runoff; soil absorption; intermittent waterways; flash flood acute



W4 Drought (severity, duration, frequency) aridity; dehydration; below average rainfall; prolonged water shortage; soil moisture chronic



S1 Mean wind trend gale; windiness; change in wind direction chronic



S2 Storm intensity and frequency tropical cyclones; tornado; lightning strikes; blizzard; waveheight; wave energy acute



I1 Sea/lake ice change ice extent; ice thickness; age of ice chronic



I2 Snow cover or glacier change snowpack; ice volume; snow/ice thickness or extent; snow compaction; perennial snow/ice; age of snow/ice chronic



C1 Sea level rise (trend) flooding; subsidence; post-glacial rebound; ocean heat content; thermal expansion chronic



C2 Coastal flood nuisance flooding; coastal inundation; salt water intrusion acute



C3 Storm surge storm floods; storm tides; significant wave height; wave setup acute



C4 Coastal erosion sediment transport; accretion; deposition; wave action chronic



C5 Changing currents altered ocean patterns; thermohaline circulation; conveyor belt; ocean dynamics chronic



OA e.g., Ocean acidification pH; saturation state; acidity; calcification rate; ocean chemistry chronic



RC e.g., Radiation change surface radiation; cloud fraction; long-wave radiation; short-wave radiation chronic



WF e.g., Wildfire risk forest fire; bushfire; fuel moisture content acute
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Code Climate Stressor Synonyms and Associated Terms Timeframe

T1 Temperature trend (air and/or water) warming; hotter than average weather; increased evaporation; desiccation; sea-surface temperature; ocean warming

chronic

T2 Extreme temperature events heatwaves; bleaching; hot spell; desiccation; marine heatwaves

acute

W1 Precipitation trend rainfall; rainstorms; showers; drizzle; heavy dew; hailstorms; sleet; snow

chronic

W2 Intense precipitation events rainstorms; tropical cyclones; blizzard; storminess; extreme rainfall

acute

W3 Flooding (fluvial, pluvial) runoff; soil absorption; intermittent waterways; flash flood

acute

W4 Drought (severity, duration, frequency)aridity; dehydration; below average rainfall; prolonged water shortage; soil moisture

chronic

S1 Mean wind trend gale; windiness; change in wind direction

chronic

S2 Storm intensity and frequency tropical cyclones; tornado; lightning strikes; blizzard; waveheight; wave energy

acute

I1 Sea/lake ice change ice extent; ice thickness; age of ice

chronic

I2 Snow cover or glacier change snowpack; ice volume; snow/ice thickness or extent; snow compaction; perennial snow/ice; age of snow/ice

chronic

C1 Sea level rise (trend) flooding; subsidence; post-glacial rebound; ocean heat content; thermal expansion

chronic

C2 Coastal flood nuisance flooding; coastal inundation; salt water intrusion

acute

C3 Storm surge storm floods; storm tides; significant wave height; wave setup

acute

C4 Coastal erosion sediment transport; accretion; deposition; wave action

chronic

C5 Changing currents altered ocean patterns; thermohaline circulation; conveyor belt; ocean dynamics

chronic

OA e.g., Ocean acidification pH; saturation state; acidity; calcification rate; ocean chemistry  chronic

RC e.g., Radiation change surface radiation; cloud fraction; long-wave radiation; short-wave radiation chronic

WF e.g., Wildfire risk forest fire; bushfire; fuel moisture content acute
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2. The Wadden Sea World Heritage 
Property  



One Wadden Sea. One World Heritage. The Wadden Sea is one of the 
last remaining large-scale, intertidal ecosystems where natural processes 
continue to function largely undisturbed. It is a large, temperate, relatively flat 
coastal wetland environment, formed by interactions between physical and 
biological factors that have given rise to a multitude of transitional habitats 
with tidal channels, sandy shoals, sea-grass meadows, mussel beds, sandbars, 
mudflats, salt marshes, estuaries, beaches and dunes. The area is home to 
numerous plant and animal species.  



The Wadden Sea was inscribed on the UNESCO´s World Heritage List in 
2009, with Danish and Hamburg areas in 2014, in recognition of the 
‘Outstanding Universal Value’ (OUV) of the site (see Figure 1) and the progress 
made in protecting and managing it for more than a generation. The 
inscription into the World Heritage List means that the Wadden Sea is 
internationally recognised and must be preserved for the benefit of present 
and future generations. With the inscription of the Wadden Sea, the World 
Heritage Committee obligated the Trilateral Wadden Sea Cooperation to 
protect and manage the Wadden Sea and its OUV.  



 
Figure 1: Map of the Wadden Sea (source: CWSS). 
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