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Abstract

:

The current landscape of climate change adaptation and resilience policies, frameworks, and indicators is rapidly changing as nations, organizations, and individuals acknowledge the urgent need to address its impacts. Various methods for adaptation and resilience are developed and monitored through formal indicators. However, there are gaps in indicator development and monitoring, including the need for more indicators to address monitoring gaps, lacks in the availability of fit-for-purpose (quality and quantity) data sets, and interpretation challenges. Especially at the local level, these gaps are pronounced. In this study, we assessed current policies, frameworks, and indicators, and conducted semi-structured interviews with stakeholders. A key concern raised was the difficulty in handling insufficient, quality data, particularly in developing nations, hindering adaptation implementation. Respondents also noted the lack of a standardised approach/tool for planning, monitoring, and evaluation. To address this, stakeholders advocated for local indicators and a unified approach/tool. Comparable and consistent data, collected by qualified personnel, were emphasised. Effective adaptation plans are vital in responding to climate change, yet challenges persist in planning, implementation, and monitoring, reporting, and verification phases. A recommended solution involves a common measurement approach for adaptation and resilience, alongside tailored local strategies to ensure success of these plans.
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1. Introduction


The adverse impacts of climate change are already being seen and acknowledged globally and are well-documented in attributing severe climate events to their consequences [1,2,3]. These impacts are projected to intensify over the coming years. While the concepts of ‘adaptation’ and ‘resilience’ are related in the context of climate change, they hold distinct meanings and implications. According to the Intergovernmental Panel on Climate Change (IPCC) AR6 WGII [4] adaptation is defined as “in human systems, the process of adjustment to actual or expected climate and its effects, in order to moderate harm or exploit beneficial opportunities. In natural systems, the process of adjustment to actual climate and its effects; human intervention may facilitate adjustment to expected climate and its effects” whereas resilience is “the capacity of social, economic and environmental systems to cope with a hazardous event or trend or disturbance, responding or reorganising in ways that maintain their essential function, identity, and structure while also maintaining the capacity for adaptation, learning and transformation”. In addition, resilience is commonly used under a “wide spectrum of meaning which overlaps with concepts of vulnerability, adaptive capacity and, thus, risk, and resilience as a strategy overlap with risk management, adaptation, and transformation. Implemented adaptation is often organised around resilience as bouncing back and returning to a previous state after a disturbance” [4] (p. 55, Box TS.1).



These two concepts are often presented as strategies, approaches, and indicators. Adaptation strategies are the specific measures/actions taken to mitigate the adverse effects of climate change and are typically tailored to the specific impacts and vulnerabilities of a particular region or community, while resilience strategies are specific measures taken to improve the ability of systems to withstand and rebound from the impacts of climate change [5]. For example, an adaptation strategy specific to a community might involve building seawalls and implementing land-use regulations to protect against coastal flooding and erosion caused by rising sea levels. This targeted approach addresses the community’s vulnerability to the impacts of climate change. On the other hand, a resilience strategy for the same community would focus on improving overall preparedness and adaptive capacity. This could include building robust and adaptable infrastructure that can withstand the brunt of extreme weather events, such as hurricanes or storm surges. Additionally, implementing early warning systems and evacuation plans can enhance the community’s capacity to rebound and recover swiftly from the aftermath of such events. By combining these strategies, the community not only minimises the immediate risks posed by sea-level rise and extreme weather but also enhances its long-term ability to cope with and adapt to future challenges brought on by climate change. The adaptation measures provide targeted protection against known vulnerabilities, while resilience measures build a broader foundation of preparedness, ultimately creating a more climate-resilient community.



Adaptation and resilience approaches refer to the broader frameworks, policies, and principles, that guide the development and implementation of strategies [6]. They are more conceptual in nature and provide a basis for understanding the different factors that need to be considered in adapting to climate change. Some common approaches include ecosystem-based approaches, nature-based solutions (NbS), community-based approaches, and bringing adaptation into the mainstream in development planning and green infrastructure [7].



Adaptation and resilience indicators are measures used to assess the effectiveness of adaptation strategies or the overall progress of adaptation and resilience efforts. Adaptation indicators are often used to track changes in vulnerability, exposure, and resilience to climate change impacts, as well as to monitor the implementation and impact of specific adaptation measures [8,9]. Examples of adaptation indicators include, but are not limited, to measures of water scarcity, changes in crop yields, or the frequency of extreme weather events. By tracking these indicators over time, policymakers and practitioners can better understand how effective their adaptation strategies are and make adjustments as needed to ensure that they are meeting their goals.



Resilience indicators are measures used to assess an individual, community, or system’s ability to cope with and adapt to stress, change, and adversity. Some examples are the measure of the diversity of livelihoods and employment, reliable communication and mobility, availability of financial resources, integrated development planning, access to school markets, health facilities, expenditure, etc. [10].



The current landscape of global policies, frameworks, and indicators for adaptation and resilience to climate change is rapidly evolving as the severity of the climate crisis becomes increasingly clear and accepted [11]. Arguably the most widely known and used frameworks are those provided by the IPCC, the United Nations Framework Convention on Climate Change (UNFCCC), National Adaptation Plans (NAPs), and the Sustainable Development Goals (SDGs). The IPCC was established in 1988 to offer policymakers regular scientific assessments on the current state of knowledge about climate change [12]. The latest IPCC report [4] covers the impacts of climate change assessing the vulnerability, capacities, and limits of ecosystems and biodiversity and the adaptation of human communities at global and regional levels, and adaptation is divided into five stages: awareness, assessment, planning, implementation, and monitoring and evaluation. In the same report, resilience refers to anticipating, preparing for, and responding to climate-related hazards. The report also suggested policies, frameworks, and indicators related to capturing adaptation and resilience to climate change at more local levels.



The NAPs framework of the UNFCCC places emphasis on the need for developing country governments to create comprehensive and integrated adaptation plans that are aligned with their development priorities [13]. More than 70 countries have adopted such policies [14], but there is limited information on the level of implementation and monitoring and evaluation of these plans. Likewise, over 60% of these countries do not conduct a regular and organized assessment of adaptation implementation and there is a lack of critical assessment of the effectiveness of NAPs [15]. The NAPs framework emphasises the importance of stakeholder engagement, including consultation with vulnerable groups and civil society organizations, in the development and implementation of NAPs. Parties of UNFCCC established the Cancun Adaptation Framework (CAF) in December 2010, [16] which aimed to enhance adaptation action by assessing impacts, reducing vulnerability and risks, building resilience in developing countries that are especially vulnerable, and enabling collaboration and partnership. The SDGs have underpinned several adaptation and resilience frameworks. For example, the Agroforestry Network report [17], builds on an extensive literature review of 1000 publications and reports on practical agroforestry projects, showing that agroforestry is a key tool for both climate mitigation and adaptation, for regulating soil and water quality, fighting poverty and hunger, enriching biodiversity, and it can strengthen women’s control over resources and free up women’s time. The latest IPCC report [4] has assessed the outcomes of current adaptation responses in reducing climate and associated risks concerning SDGs which was based on the Global Adaptation Mapping Initiative (GAMI) database developed by Berrang-Ford et al. [18,19].



In all of the above initiatives, and indeed many others designed to support adaptation and resilience, indicator frameworks are critical for monitoring and evaluating climate adaptation and resilience efforts [20]. For example, the UNFCCC’s report highlighted the need for indicators in the NAPs process to be relevant, measurable, and easy to understand, and suggests that they should be used to track progress, identify gaps, and inform decision-making. The UNFCC’s report also provides examples of indicators that can be used to monitor climate adaptation efforts, including those related to vulnerability, exposure, resilience, and adaptive capacity. Other guidelines offer sets of indicators and tools developed to measure progress in adaptation and resilience such as the Notre Dame Global Adaptation Index (ND-GAIN), World Bank’s latest report “Adaptation Principles: A guide for designing strategies for climate change adaptation and resilience” [21], Singh et al.’s study [22], European Climate Adaptation Platform Climate (ADAPT) [23] and Climate Change Vulnerability Index [24].



However, there is currently no widely accepted set of indicators to measure adaptation and resilience to climate change, and different stakeholders often use different metrics, making it challenging to compare results across different contexts [25]. The choice of indicators for measuring adaptation and resilience to climate change can have a significant impact as some indicators may be more relevant or appropriate than others for certain contexts, and the use of inappropriate or irrelevant indicators can lead to inappropriate measurements [2]. The quality of the data used to populate these indicators is also crucial, and data should be obtained from credible sources, using reliable and transparent methods. The data should be comprehensive and cover all relevant dimensions of adaptation and resilience, this means that the data should address social, economic, and environmental factors. This could include data on the vulnerability of communities to climate change, the availability and accessibility of natural resources, the impacts on biodiversity and ecosystems, and the effectiveness of adaptation and resilience strategies. To ensure that data are comprehensive, it is crucial to use a variety of sources, including scientific research, community-based knowledge, and other relevant data sets [26]. However, the availability of high-quality data are often limited, particularly in developing countries where resources and technical capacities may be scarce. Nonetheless, it is essential to invest in data collection and management systems and to build the technical capacities of local actors to collect, manage and analyse data on adaptation and resilience [27].



While the issues noted above have been well-reported, there have been few published studies that reflect on them from the perspective of those who are meant to make use of the indicator frameworks. This is the knowledge gap addressed by the research reported here. This study aims to investigate the application of climate change adaptation and resilience policies, frameworks, and indicators, thus this study was based on a set of semi-structured interviews with civil servants and stakeholders involved in policy development and implementation within relevant organizations at both the policy and technical levels.




2. Materials and Methods


Qualitative data were collected via semi-structured interviews between April and August 2022 with 13 key civil servants and stakeholders engaged in the planning and implementation of climate change adaptation and resilience. The interviews aimed to understand their use of adaptation and resilience policies/practices and indicators and the role of data availability and quality in supporting climate adaptation and resilience efforts. An email invitation was sent with a brief explanation of the request and a detailed description of this study (Table S1) to experts carefully chosen based on their experience in this field, and a sample of 13 respondents was selected for interview. Each interview lasted for between 20 and 45 min. Twelve were carried out through online conversations with permitted recording, and one was undertaken in writing as the expert preferred that format.



The primary rationale for the selection of respondents was expertise and experience in the field of adaptation and resilience, and, in particular, the use of indicators in this field. There was also a desire on the part of the researchers to include respondents from a diverse range of geographical and sectoral contexts to understand potential common issues and challenges. The interviewees represented the following range of sectors academia (3), research centres (4), and governmental or intergovernmental organisations (6) (Table 1). The respondents were based in different countries across the world and their research activities covered places from a local scale such as London, through regional and continental scales, including Europe, South America, and Asia, to a global level (Table 1).



The interviews were based on a set of open-ended questions which acted as prompts for discussion. In the opening section of the interview, a brief introduction was provided regarding the study’s objectives before moving on to the questions themselves.



The set of 13 questions was structured in four sections (Table S2). Section 1 comprised seven questions about the adaptation and resilience indicators in their current projects. Section 2 covered one comprehensive question regarding data for measuring the adaptation and resilience indicators and depending on the interviewees’ answers a follow-up set of additional questions was asked. The four questions in Section 3 sought to explore data type and the importance of quality data for measuring adaptation and resilience strategies. Finally, in Section 4, the respondents were given the opportunity to raise any further points or observations.



The transcribed interviews were subjected to manual content analysis [28]. A series of open and axial coding techniques were used to identify themes, sub-themes, and ‘key concerns or recommendations’ (KC/R) (i.e., more specific points of interest). The first step was ‘open coding’, in which tentative labels were assigned to the interview transcription data. Secondly, in the axial coding, codes were selected to focus on the analysis of the core categories to identify relationships among the open codes. Thus, categories/themes were identified in the data using the underlying objectives and structure of the questions posed, together with insights emerging from the respondents. Finally, a set of KCs were identified across the interviews.



During the interviews, the respondents’ answers often reflected experiences within their current and past projects, thus Table 2 summarises the projects and reports of 13 respondents who have had a major implication. These are diverse, spanning the planning of policies, development of climate services and user interaction tools, remote sensing platforms, assessments of climate change impacts, projects related to carbon reduction, emissions trend analysis, and sustainability, with a focus on adaptation, resilience, and potential risks from climate change.




3. Results


3.1. Adaptation and Resilience: Main Themes, Sub-themes, and KCs Emerging from the Interviews


Table 3 summarises the themes, sub-themes, and key concerns or recommendations (KC/R) that were identified from the analysis. Three main themes, 12 sub-themes, and 43 KCs were identified from the interviews:




	
Theme 1: Complexity and challenges in the interviewees’ current or past projects (3 sub-themes and 11 KC/Rs)



	
Theme 2: Current landscape of adaptation and resilience indicators (3 sub-themes and 10 KC/Rs)



	
Theme 3: Issues about data availability and quality for measuring indicators (6 sub-themes and 22 KC/Rs)








The number of respondents who mentioned each of the KC/Rs at least once is also shown in Table 3. Some of the KC/Rs were based on relatively few responses. Therefore, as the sample size was relatively small (13) the emphasis in the analysis presented here was upon those KC/R that were mentioned by at least half (7 or more) of the respondents. However, especially given the breadth of expertise by the respondents, it is important to note that KC/Rs mentioned by a small number of respondents are still important and relevant. To help illustrate the points being made in the KC/R, some quotations have been added below and more are provided in Tables S3, S4 and S5.



3.1.1. Theme 1: Complexity and Challenges


In terms of the complexity and challenges that occurred during adaptation projects, the participants’ answers were grouped into three sub-themes: social issues, strategy and planning, and government implications. Under ‘social issues’, KC/R 1 was mentioned by most respondents (8 out of 13 respondents) who noted that adaptation plans should target the most vulnerable people/communities and take into consideration the coping capacity of each different sector at the local scale and concerning climate risks.




“To implement adaptation plans, the local governments must look at the vulnerability of people and the coping capacity to deal with climate risks, at local scale…to look at indicators, for example, how many people were able to stay at the shelter, how many people were able to find their way to the shelter, but also how many energy systems survived, and not just survive by staying in one piece, but survive in terms of also being functional when the disaster happened.” (R 3)





In the ‘strategy and planning’ theme, KC/R 4 was mentioned by most participants (10), who noted the need to have knowledge and understanding regarding the local impact and risks of climate change before planning or implementing any adaptation solutions.



The economic capacity concern (KC/R 7; 8 respondents) comprised two aspects: the lack of funding for adaptation and resilience projects and the use of funding on unsuitable infrastructure. Seven respondents mentioned the challenges associated with implementing and monitoring adaptation strategies (KC/R 8) as they experienced difficulties with assessing the progress and effectiveness of adaptation action, especially under the dynamic nature of climate change.



In addition, just four respondents raised the lack of resilient infrastructure and the lack of vulnerability assessments and the associated indicators that could help in measuring these (KC/R 9). They referred to the insufficient or inadequate physical and social systems in place to withstand and recover from the impacts of various stressors, shocks, and disturbances. This KC/R highlights the vulnerability of communities to adverse events such as natural disasters, climate change, economic disruptions, or social crises. The lack of resilience in systems such as buildings, transportation networks, power grids, water supply systems, communication networks, and other critical lifeline infrastructure, means they are more prone to damage or failure when faced with disruptions, especially when vulnerability assessments are not undertaken. This KC/R chimes well with the literature and indeed off-repeated calls by major initiatives such as the IPCC and others for more work on indicators and frameworks for assessing adaptation and resilience.



The third sub-theme is the role of governments in implementing adaptation and resilience strategies. Government intervention is crucial for building resilience by implementing policies and regulations, providing funding and investment, promoting education and awareness, and bridging collaborations with other stakeholders. Within this sub-theme, two KC/Rs have been raised, KC/R 10 (6 respondents) notes the reluctance of certain governments to use open-access platforms for monitoring and to intentionally avoid obtaining relevant information and/or designing the right indicators, while KC/R 11 (4 respondents) touched on the need to compare different datasets before making decisions but also to understand the cost efficiency of all the data types.




“Many critical infrastructures in developing countries suffer from a lack of resilience. This is caused by a number of dynamic challenges. First of all, there is no common understanding of what resilient infrastructure is and a lack of vulnerability assessment, then the absence of funding for embracing the current technology. Also, there is a need for a common set of indicators to measure resilience and construct policies based on those. Last but not least, [there is] poor data on disaster damage and indirect losses.” (R 11)






3.1.2. Theme 2: Current Landscape of Adaptation and Resilience Indicators


Theme 2 was divided into three sub-themes: challenges with the current adaptation and resilience indicators, types of climate risks, and challenges and opportunities in developing indicators. In the first sub-theme, KC/R 12 was mentioned by most of the respondents (12), in which they discussed that there is a lack of indicators at global, national, and regional scales which can hinder the effectiveness of certain adaptation policies. At the global scale, there is a lack of standardised indicators that can comprehensively measure adaptation progress across different countries and regions. This can make it difficult to compare and evaluate the effectiveness of adaptation policies implemented by different nations. At the national or regional scales, indicators may not adequately capture the specific vulnerabilities and risks faced by different communities or sectors. For example, if an adaptation policy focuses on coastal areas, but the indicators used only measure changes in average temperature, they may fail to capture the increased frequency and intensity of storms or sea-level rise, which are critical factors affecting coastal resilience. Similarly, at the local scale, indicators may not capture the unique characteristics and needs of communities or ecosystems. They recognised that a lack of locally relevant indicators can hinder the ability to design and implement effective adaptation policies that address specific vulnerabilities and enhance resilience in a particular context.



Moreover, respondents within KC/R 13 (6 respondents) described how existing indicators recorded in the literature are not designed for local/community scales. In their discussions, they mentioned the importance of creating local indicators for adaptation and resilience that are supported by corresponding policies, and the need to create a set of indicators that can be consistently measured. For instance, a couple of respondents also highlighted specific country drawbacks, such as the removal of indicator 188 in the UK. National Indicator (NI) 188 was a process-based indicator (it measured efforts) used to document progress in local authorities’ ability to manage risks and opportunities presented by climate change impacts such as flooding, extreme weather events, temperature changes, and drought and evaluated the incorporation of appropriate actions into strategic planning to address these impacts. NI 188 was based on a grade of 0 to 4 (i.e., five levels where the higher the number, the better the performance) for the level of preparedness. Details for the indicator and the criteria used for providing the grades can be found in DEFRA’s report [10].




“UK government removed national indicator 188 […] We had that national indicator, all local authorities had to report on their adaptation activity. There was a lot of progress. There was even a really good index that was developed on adaptation capacity building, some really good work and a lot on actually monitoring and measuring adaptation indicators via the environment agencies, climate-ready programs with the different environmental climate change partnerships, regional ones, but then the government scrapped that dismantled all of that infrastructure: the legitimate adaptation action was under the sort of civil response.” (R 6)





The sub-theme on challenges and opportunities in developing A&R indicators comprised three KCs. However, two of these (KC/R 19 and KC/R 20) were highlighted by less than half of the respondents. In KC/R 19, 6 respondents stressed challenges they had encountered during the implementation of adaptation projects, and the lack of a common approach/tool or a practical guidance tool to assist them in developing, implementing, monitoring, and evaluating climate change adaptation plans. KC/R 20 (5 respondents) was focused on the lack of indicators in monitoring adaptation actions and resilience. The lack of appropriate indicators and frameworks for assessing adaptation and resilience did appear to be a minority view amongst this group of respondents. However, while there was no clear sense that there was a lack of indicators for use in adaptation and resilience, respondents did raise some recommendations on how indicators in adaptation and resilience should be designed (KC/R 21). Eight respondents emphasised the need to engage with experts in the development of new indicators. The respondents said that indicators were needed to be able to measure the effectiveness of adaptation actions such as NbS (as it can be used as a tool for adaptation) (10 respondents), and emphasised the importance of data quality, consistency, availability, and open-access data (8 respondents) in indicator descriptions.




“Key steps in developing indicators to measure the adaptation and resilience is to stay engaged with experts, measure the effectiveness of adaptation actions and NbS (after implementation), and ensure that the data are available and ideally consistent, and open-accessed.” (R 10)






“I think that we are quite a way behind in terms of even gathering information for adaptation and resilience. The priority should be to measure the same indicators so that you can measure something consistently. At the moment, we haven’t gotten into the quality of measurement, how you measure things, or whatever else I think that’s important, and hopefully, that will come. I think the priority is still to get something in terms of a consistent approach to this. So, it’s quite early in the process in that sense, which is not good.” (R 4)






3.1.3. Theme 3: Data Availability and Quality


Theme 3 covers issues around data availability and quality in the process of assessing climate risks, planning adaptation strategies, and monitoring, reporting and verification (MRV) the effectiveness of adaptation solutions. It comprises six sub-themes: data availability, data sources, data quality, data interoperability/consistency, uncertainty information, accuracy and cost efficiency.



In the data availability sub-theme, a majority of respondents (10) raised the issue of a lack of quality data especially at the local level and in developing nations (KC/R 22). Respondents noted that data coverage is often patchy, missing, or outdated, particularly at the local level, and there is a lack of understanding about which datasets can be used for assessing climate risks (before planning any adaptation solutions).




“First of all, data are patchy with local authorities, local government, whether they are measuring any adaptation specifically at all, in a way that they measure.” (R 2)





A smaller number of respondents (6) added that processing the data can also be a barrier (KC/R 23). While some good data repositories exist, accessing data, particularly older datasets, can be time-consuming, or other datasets are not publicly available.



In the data sources subtheme, respondents mentioned the need to use many different types of data sources in understanding climate risks and in computing indicators of adaptation and resilience, but the two most commonly mentioned are satellite data (e.g., Copernicus Climate Change Service; KC/R 26) mentioned by 10 respondents, and weather data and meteorological institute climate projections (KC/R 27) mentioned by 7 respondents. Respondents noted how satellite data play a useful role in planning and MRV of NbS, measuring green areas, urban heat, and forest fires, assessing the susceptibility of an area to flooding, and planning infrastructure for climate adaptation. However, respondents also noted that the process of assessing climate risks and adaptation strategies often ignores available data. For instance, urban microclimate effects can be measured with satellite data, which is important for understanding risk and resilience, but this data are not yet routinely used in risk assessment and management.




“And sometimes even in London, I think the kind of weather station that is normally used is in Heathrow. So, you don’t have an urban microclimate effect, being recorded on that. So that’s why there is an interest in the satellite data, they can get the day and night-time temperatures and that’s really important, frequently and consistently” (R 6).





The respondents described how socioeconomic data are necessary for monitoring adaptation (KC/R 29), but it is challenging to collect and integrate these data with other data sets at a local level. Crowdsourced (citizen science) data can reduce data collection costs and provide very local information (KC/R 28), but the quality of the data must be considered. Integration of traditional socioeconomic statistic data, satellite data, and data from citizen science can support adaptation measures and monitor the efficacy of actions. Regional observations are essential for region-specific policies, and primary surveys are often necessary for sub-national and lower levels.



The data quality subtheme emphasised the importance of data quality in general (KC/R 32) and specifically of quality assurance of data sets (KC/R 33). Ten respondents explicitly mentioned data quality, and six mentioned a lack of quality assurance. Others suggested that datasets need to have ‘robustness’ (KC/R 33). The data quality subtheme is linked to the uncertainty information and accuracy subthemes, as these represent different aspects of ensuring the data are ‘fit for purpose’ (also explicitly covered in KC/R 37). One respondent emphasised these links, and also made it clear that what data quality is necessary will depend on the application:




“Quality of data are of course important, but I think it’s most important when you’re looking for an indicator that’s actually used for monitoring […]. I mean either when you’re doing a comparison or when you’re looking at patterns over time. Uncertainty is also important, if it’s quantified is manageable, […] It’s very purpose dependent, […], let’s say a dataset that measures a certain indicator has a particular level of uncertainty around it, that you can use it to inform certain kinds of decisions and not to inform other kinds of decisions.” (R11)





The concept of data quality was linked to the separated subtheme of interoperability and consistency of different data sets. These concepts affect the ability to make comparisons between countries, combine different types of data sources and monitor changes over time. An example given was that water bodies that straddle Northern Ireland (UK) and the Republic of Ireland are mapped differently by the different countries and therefore do not meet. Another example is how there are three different land productivity datasets across Europe and these datasets give “completely different maps for land degradation across Europe” (R4),



Data quality and consistency are also related to data completeness. Ongoing measurements with consistent approaches (reliable methods and qualified personnel) and data quality are required to support the monitoring of change. For instance, a lack of regular assessments and data collection can hinder the ability to track progress over time.




“Comparability is an issue that can be addressed through continuity. This means that we have to regularly perform observations and data collection. In Greece, it is very often the case that, there is, an assessment done at a certain point in time, based on, a collection of data. And then this process is not, regularly repeated. So, you don’t have, an idea of how things, go, do they get worse? Do they go better? And this is a problem, so consistency in continuity, and good data collected by reliable methods and by trained people and good equipment they are very much, needed.” (R 5)





In contrast, a good example of data quality, consistency, and completeness is provided in the Netherlands, where water and flood risks are monitored with a very strong measurement network with dense measurements. This density provides robustness because outliers can be easily identified. For newer risks, such as forest fires, this level of monitoring is not yet in place. More generally to support interoperability, the respondents also highlighted the importance of complying with Open Geospatial Consortium standards and properly documenting data sets to ensure that they are easily accessible and usable by others.



The sub-theme of uncertainty information (KC/R 38, 39) and accuracy and cost-efficiency (KC/R 40–43) describe the importance of communicating the difficulties in quantifying uncertainties, and the need to balance accuracy and cost. Most participants (10) emphasised the importance of quantifying, documenting, and communicating uncertainty in both data sets and in the information and modelling. For example: “uncertainty acknowledges the inherent limitations and potential errors in the data. Understanding uncertainty helps decision-makers gauge the reliability of the information and consider alternative scenarios, enabling them to make robust choices even in the face of incomplete data.” (R1)



Uncertainty, which comes from the data, its processing and the models and predictions, is difficult to quantify and difficult to communicate. However, various respondents recognised that the level of uncertainty is closely linked to the data and methodology used, and if it can be quantified, it can be managed. However, if the uncertainty provided is too high, it can lead to a lack of trust in the results, a point captured in the following quotation: from one respondent.




“[...] because I really have the feeling that they are taking decisions, but not on the [...] best knowledge available. That’s why I think communicating uncertainty properly is even more difficult when more results are compared, and error associated with the model is linked to the data and algorithms used.” (R 4)





In talking about uncertainties of data, respondents appeared to consider not only measurement uncertainties but also aspects such as resolution, sampling and statistical techniques used. Concepts of ‘completeness’ and ‘availability’ also seemed to be linked to uncertainty as they affect the uncertainty of conclusions derived from the data. Additionally, the respondents seem to recognise the increasing availability of information about uncertainty as being important as well as the development of a mindset that acknowledges it. Some explained how the IPCC’s use of uncertainty in model predictions has helped with developing such a mindset (R 11). They recommended making robust decisions by considering the full spectrum of uncertainty in the data, as well as in the climate predictions for both mitigation and adaptation purposes. Uncertainty can even be complex to communicate amongst scientists, one respondent emphasised that uncertainty cannot be easily documented in existing data sharing XML metadata (R4).



In the accuracy and cost-efficiency subtheme, the balance between obtaining accurate (and robust and quality-assured) data versus cost was considered. Some respondents noted that there was not always a need for higher accuracy, but for the right, fit-for-purpose datasets.




“If you get more accuracy for more cost then it may not be equally cost efficient. What do you regard as a good outcome from greater investment? It could be more accurate. But alternatively, one of the things about adaptation and resilience is that they have a number of facets. And if you spend an enormous amount of resources on something that tells you in great and wonderful detail about one of those facets, (you may not have the resources to look at another)” (R 11).





When deciding on which data to prioritise, several metrics can be used, but cost-effectiveness is likely to be a high priority, especially given the limited funding available for data collection and analysis. There are links and trade-offs here with other KCs. For example, in KC/R 40 (4 respondents) there was an emphasis on the need for using multiple datasets to obtain more accurate results, thereby building trust with policymakers. On the other hand, using different datasets can also introduce variability in the process as different datasets may have different distributions, biases, or noise. Also, as noted with KC/R 41 (4 respondents) there is a potential trade-off between accuracy and cost-effectiveness in data collection and processing. While more precise data may be desirable, it can also be more costly, and sometimes a less precise but more cost-effective approach can still provide useful information.




“Using different data that can consistently measure an indicator would give higher accuracy of the results and become trustworthy for policymakers.” (R 12)






“The more data added, the broader the overview of the problem, creating increased accuracy and trust in the results.” (R 7)





As well as understanding the cost-effectiveness of the adaptation processes and becoming more resilient either from implementing adaptation solutions or monitoring approaches, most respondents (10) described the need for cost efficiency (KC/R 42) as the interest in knowing how much it would cost. Therefore, cost–benefit analysis is a key factor in deciding which adaptation strategies to pursue, including NbS.




“When we talk about adaptation processes, stakeholders usually want to know how much it will cost to implement adaptation solutions. So, this factor also goes into our thinking, and we need to prove that what we call NbS are not only effective but cost-beneficial for them in order to be included in an adaptation process.” (R 11)





However, the feasibility of implementing a particular solution, or monitoring approach, can also depend on the adaptive capacity or resilience of a region, which can be limited by various factors, including financial resources.





3.2. KC/Rs in the Project Model


The KC/Rs in Table 3 can also be re-grouped in terms of a standard model of project phases for interventions designed to address climate change adaptation and resilience at the local level: planning, implementation, and Monitoring, Reporting and Verification (MRV). This re-arrangement is shown in Figure 1, with the three phases at the top of the diagram and the cross-cutting concerns linked to data and indicators towards the foot of the diagram. Within each of the three phases, the relevant KC/Rs have been listed and those having more than seven respondents have been highlighted in red text.



Of the three main phases of an intervention designed to address local-scale adaptation and resilience, most of the identified KC/Rs (17) are within the planning phase. Implementation has just four KC/Rs while MRV has seven KCs. In the implementation phase, just one KC/R 8 was based on the responses of more than half of the respondents while in the MRV phase, three out of the seven KC/R were derived from the responses of more than half of the respondents.



For the cross-cutting data and indicator-based KC/R at the foot of Figure 1, the participants made a series of useful recommendations regarding indicator design (KC/R 21) which can be divided into two parts referring to adaptation plans/actions in the planning phase (noted as P) and monitoring the effectiveness of adaptation actions and measuring the adaptive capacity (noted as M). These recommendations regarding indicator design related to the two project phases are shown in Table 4. Indicators can be developed to provide a way to measure for planning adaptation solutions, then indicators can be designed for the MRV stage where they can provide a standardised way to monitor and report on adaptation and resilience efforts at the local and national levels. This helps to ensure consistency and comparability of data, which is important for tracking progress over time and across different regions.





4. Discussion


A lack of common approaches, tools, and practical guidance for designing, implementing, and monitoring indicators relating to adaptation and resilience has been highlighted as a significant challenge in the wider literature, e.g., in the recently published systematic reviews by Singh et al. [22] and Goonesekera et al. [33] who noted that climate change adaptation is rarely developed or implemented across local governance levels and sectors. The reports of the IPCC and others also make repeated calls for appropriate indicators to be developed and used to meet local needs. However, the results of interviews with key informants paint a far more nuanced picture. There was no call for new indicators from a majority of respondents but what they did often raise were issues of consistency (“there is a need for a common set of indicators to measure resilience and construct policies based on those” R 3) and a need for good quality data. The sense from the respondents was that there are clearly dangers here if multiple organisations develop indicator frameworks in relative isolation, and instead what is needed is a consistent set of indicators that all agree on. Hence, the choice and use of indicators require a more coordinated approach that considers local contexts and provides practical guidance for measuring progress toward adaptation and resilience goals. It is also worth noting here that while the existing adaptation and resilience frameworks, policies/plans, and indicators/tools are designed largely for the country level (e.g., ND-GAIN, World Bank’s latest report “Adaptation Principles: A guide for designing strategies for climate change adaptation and resilience” [21], Singh et al.’s study [22]), there are also some local adaptation strategies [34]. It has been noted in the literature [4,35] and also by the respondents of our interviews, that different regions, communities, and sectors develop their unique adaptation strategies based on their specific local climate risks. Such diversity in the local context can, of course, mean that indicators become diverse, and this would contradict, to an extent, the calls from the respondents for more consistency. There are also many barriers and triggers when it comes to implementation at local scales [36]. For instance, Aguiar et al. [36] provided an overview of local-level adaptation strategies for climate change in Europe that have been taken to address the impacts of climate change, including ecosystem-based, community-based, infrastructure-based, technological, and policy and governance strategies. The article highlights the need for better coordination and communication among stakeholders to ensure effective adaptation efforts.



Rather than have new indicators per se, a majority of respondents noted that a lack of good quality data was a significant issue, especially at the local level and in developing nations, and that there was a need for a clear protocol to follow when processing data. Moreover, collaboration within and between countries was also highlighted as important, with some respondents stressing how this can support regular assessment and data collection to track progress over time.



Despite the questioning not being particularly focused on health indicators, it is worth acknowledging that measuring health outcomes impacted by climate change, such as survival rates and the incidence of specific conditions like heat stroke, cardiac issues, respiratory problems, kidney ailments, and mental health disorders, could provide a robust framework for assessing human adaptation and resilience in the face of climate change [37]. Indeed, health-based indicators can serve a dual purpose, revealing both the vulnerabilities of communities to climate impacts as well as their capacity to withstand and mitigate these effects. High rates of heat-related illnesses or cardiovascular complications underscore the susceptibility of populations to extreme temperatures, highlighting the urgent need for adaptive strategies such as heat-resistant infrastructure, early warning systems, and public health campaigns. Conversely, lower incidence rates in the same areas could be used to signal successful resilience measures [38]. Mental health conditions, aggravated by climate-related stressors, offer insight into psychological resilience, emphasising the importance of supportive networks, community cohesion, and accessible mental health services [39]. By analysing health outcomes, societies can gauge the effectiveness of their adaptation and resilience measures, identify vulnerable groups requiring targeted interventions, and refine strategies to fortify communities against the multifaceted challenges posed by a changing climate.



The importance of using reliable methods and qualified personnel for data collection was also emphasised, as well as the need to consider fitness for purpose when selecting datasets. The use of satellite data and weather data was noted as important. For all the data types mentioned, respondents stressed the importance of quality assurance, data robustness and accuracy and having quantified measurement uncertainty information properly communicated to policymakers (points also raised in the literature [40,41]).



In this paper, the KC/Rs identified from the respondents’ interviews have been re-arranged in terms of a typical and simplified project structure spanning planning, implementation, and MRV (Figure 1) for local-level interventions designed to address climate change adaptation and resilience. The study found that the majority of the KC/Rs related to the planning phase of interventions rather than implementation or even MRV. However, using KC/Rs that emerged from qualitative data to create a typical project model or framework can bring a level of subjectivity, but can also offer several benefits such as better decision-making and more effective project outcomes, attract investments, successful project intervention and implementation, provide a common language and understanding of the topic [42]. Likewise, for the cross-cutting data and indicator-based KC/R, the study made useful recommendations for indicator design, which can be divided into two parts: planning and monitoring the effectiveness of adaptation actions and measuring adaptive capacity. Developing indicators can help to monitor and report on adaptation and resilience efforts at the local and national levels, ensuring consistency and comparability of data.



Finally, it does have to be acknowledged that the sample size behind this study is relatively small (13 respondents), although the primary focus was on selecting respondents with extensive expertise and experience in the field of adaptation and resilience and especially the practical use of indicators to help plan and implement interventions. Hence the results presented here can be considered to be indicative of the various issues, based on what these respondents considered to be of importance, and it would certainly be useful to expand the sample size in future research to cover more countries and project contexts. Indeed, given the geographical and contextual diversity of the 13 respondents, it is intriguing to see how many points of commonality emerged. One point of special relevance here relates to the practical use of indicators for adaption and resilience. To date, much of the research on indicators has focused on indicator development rather than practical issues surrounding their application and impact, and these latter points certainly require much more attention from researchers [43,44]. Indeed, and as noted by the respondents, there is a complex interplay here as indicator design, as well as data availability, can be important factors in terms of their use, and more research is needed to unravel this relationship.




5. Conclusions


In conclusion, the findings presented in this paper shed light on the multifaceted nature of climate change adaptation and resilience efforts. The interviews conducted with experts in adaptation and resilience revealed a wealth of insights that can guide effective strategies in this critical field. The three main themes—Complexity and Challenges, Current Landscape of Adaptation and Resilience Indicators, and Data Availability and Quality—underscore the intricate interplay of factors that must be considered when addressing climate-related issues. Of particular significance is the emphasis placed on the planning phase of interventions. This recognition highlights the crucial role of thorough preparation and well-designed strategies in the success of adaptation and resilience initiatives. The resonating call for consistent indicator frameworks reflects a need for unified approaches in a landscape that is marked by diverse local contexts and needs. This duality between consistency and context-specificity underscores the importance of coordinated collaboration among stakeholders to ensure that efforts are aligned and effective. Data quality and availability emerge as pivotal concerns, particularly at the local level and within developing nations. The gaps identified in data coverage and reliability highlight challenges in making informed decisions and monitoring progress. The recommendations for ensuring data robustness, accuracy, and availability are not only crucial for effective adaptation and resilience strategies but also for building trust among policymakers and stakeholders.



Moreover, the dynamic concept of uncertainty underscores the complexity of climate data and modelling. Addressing this uncertainty and communicating it effectively becomes essential in guiding informed decision-making. Balancing accuracy and cost-efficiency in data collection and processing also adds a layer of intricacy, emphasising the importance of prioritising fit-for-purpose data that support meaningful analysis.



The articulation of the findings within a project model framework further contextualises the identified key concerns and recommendations. This model encompasses planning, implementation, and MRV phases, and highlights the distribution of challenges and insights across the various stages of intervention. It serves as a valuable guidance for policymakers, researchers, and practitioners, offering a structured approach to support climate change adaptation and resilience efforts. Likewise, the need for comprehensive planning, reliable data, coordinated collaboration, and effective communication of uncertainty cannot be overstated.



This research not only deepens our understanding of the complexities surrounding adaptation and resilience but also equips us with actionable recommendations to navigate these challenges successfully. By incorporating these insights into future initiatives, we can strive for more sustainable and resilient communities in the face of an ever-evolving climate landscape. Nonetheless, there is still more research that needs to be undertaken here to follow-up and expand upon the work reported here. In the view of the authors, of especial interest here is the complex interplay between indicator design, data quality and availability and the practical use of indicators to help guide interventions.
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Figure 1. Adaptation and resilience project model (the KC/Rs written in red are those mentioned by more than half of the respondents). 
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Table 1. Interviewees’ role and research focus.
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Sector

	
Institution Name

	
Research Focus






	
Academia

	
University of Bath, UK

	
UK




	
Ahmedabad University, India

	
Global with a focus on South Asian countries




	
Wageningen University, Netherlands

	
Netherlands




	
Governmental or intergovernmental organisation

	
UN Environment Programme World Conservation Monitoring Centre (UNEP-WCMC)

	
Global




	
European Space Agency (ESA)

	
UK and Europe




	
European Environment Agency European Commission

	
Italy and Europe




	
United Nations Economic Commission for Latin America and the Caribbean (ECLAC)

	
Central and

South Americas




	
UN Environment/Science Division/GRID-Geneva, Switzerland

	
Global




	
The Greater London Authority, UK

	
London




	
Research Centre

	
Finnish Meteorological Institute, Finland

	
Finland




	
Climate Northern Ireland

	
Northern Ireland




	
Joint Research Centre (European Commission)

	
Europe




	
Institute for Environmental Research & Sustainable Development National Observatory of Athens

	
Greece











 





Table 2. Respondents’ current and past projects involved.
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	Respondent Code
	Current and Previous Projects and Programmes Involved with Relevancy to Adaptation and Resilience in Climate Change





	R1
	Transformational adaptation

Adaptation and Resilience in the Context of Change (ARCC) Network Creating climate services and user interaction tools with a specific emphasis on adaptation measurements’ advancement



	R2
	Projects on climate change impacts, risks and vulnerability, indicators, digitalisation and adaptation- European Climate Adaptation Platform Climate-ADAPT, part of Climate Change Impacts in the group of Climate Change Impacts and Adaptation at the EEA

Designing a Climate Service for Planning Climate Actions in Vulnerable Countries



	R3
	Projects on adaptation and transformational adaptation, renewable energy, poverty rural electrification issues in South and Central America.

Supporting IPCC reports “Global Warming of 1.5 °C” (and its updates), “Climate Change 2022. Impacts, Vulnerability and Adaptation.”, “Loss and damage and limits to adaptation”



	
Global Warming of 1.5 °C. IPCC Special Report and its updates [29]



	
IPCC report Climate Change 2022. Impacts, Vulnerability, and Adaptation [4]



	
Loss and damage and limits to adaptation: recent IPCC insights and implications for climate science and policy [30]








	R4
	Projects with a strong focus on remote sensing platforms and global databases with scope to adaptation and impact of climate change. Reviewing geospatial solutions for climate data and information. Work on the UNEP and GRID-Geneva Global Risk Data Platform, and World Environmental Situation Room [31].



	R5
	Economic quantitative research into the future climate change impacts and adaptation options for Greek agriculture.



	R6
	Projects in the carbon reduction agenda, primarily look at adaptation, resilience, and the potential risks from climate change -development of adaptation indicators for London. London Climate Change Partnership [32]



	R7
	Projects on emissions trend analysis, sustainability and co-benefits analysis of various adaptation and mitigation solutions. Support to the IPCC Special Report on Global Warming of 1.5 °C. Investigations of connections between climate change adaptation options and gender equality [29].



	R8
	Projects studying policy making processes around how different governments across the world are adapting to the impacts of climate change and understanding how data for measuring indicators are used by governments. Considering national-level progress and the options for a global stocktake on human adaptation to climate change. Challenging governance barriers and understanding adaptation decision-making.



	R9
	Development of the first climate change adaptation plan for a UK district council and work to extend this within a UK region.



	R10
	Research includes EO for SDGs, concerning disaster risk management and climate change adaptation. Establishment of knowledge centres and data services for disaster risk management and crisis and emergency management.



	R11
	Projects on all sorts of aspects of the use of nature to address societal challenges, especially on climate change, mitigation, and adaptation. Development of a framework for climate change adaptation indicators. Monitoring the effectiveness of nature-based solutions and ecosystem-based adaptation. Links between biodiversity and climate change.



	R12
	Studies focus on minimising the energy use of buildings through a process of physical design, energy modelling, and an understanding of people’s behaviour towards climate change. Balancing mitigation and adaptation requirements (e.g., on insulation).



	R13
	Research mostly focused on cost–benefit analysis of different types of nature-based solutions and implementation of adaptation measures for hydro-meteo risks. Developing tools and methods for nature-based solution efficiency evaluation. Monitoring methods for assessing the performance of nature-based solutions.










 





Table 3. Interviews’ themes, sub-themes, and KC/R (rows that are shaded in grey indicate KC/Rs mentioned by more than seven respondents).
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Theme 1: Complexity and Challenges in the Interviewees’ Current or Past Projects




	
Sub-theme

	
Key Concerns or Recommendations (KC/R)

	
Number of Respondents






	
1.1. Social issues

	
KC/R 1. Adaptation planning must be aimed at a group of people/sectors (e.g., vulnerable people)

	
8




	
KC/R 2. Prioritise adaptation strategies

	
5




	
KC/R 3. The need for cultural change and education about the adaptation solutions

	
3




	
1.2. Strategy and planning

	
KC/R 4. The need for better knowledge about the impacts and risks of climate change

	
10




	
KC/R 5. Lack of adaptation and resilience indicators (in the planning, monitoring, and evaluating process)

	
6




	
KC/R 6. Cost efficiency of adaptation solutions

	
4




	
KC/R 7. Lack of economic capacity (funding)

	
8




	
KC/R 8. Challenges of implementing and measuring adaptation solutions

	
7




	
KC/R 9. Lack of resilience infrastructure and vulnerability assessment

	
4




	
1.3. Role of governments in implementing adaptation and resilience strategies

	
KC/R 10. Biasing information

	
6




	
KC/R 11. The need to compare different datasets before making decisions

	
4




	
Theme 2: Current Landscape of Adaptation and Resilience (A&R) Indicators




	
Sub-theme

	
Key Concerns or Recommendations (KC/R)

	
Number of Respondents




	
2.1. Challenges with the current A&R indicators

	
KC/R 12. Lack of A&R indicators at any scale that support certain adaptation policies

	
12




	
KC/R 13. The existing A&R indicators are not designed for the local needs

	
6




	
2.2. Type of climate risk

	
KC/R 14. Droughts

	
5




	
KC/R 15. Urban heat/ Heatwaves

	
7




	
KC/R 16. Floods/ extreme precipitation

	
6




	
KC/R 17. Wildfires

	
3




	
KC/R 18. Storms

	
2




	
2.3. Challenges and Opportunities in developing the A&R indicators

	
KC/R 19. The need to develop a common approach for planning/measuring adaptation.

	
6




	
KC/R 20. Lack of indicators in monitoring adaptation actions and resilience

	
5




	
KC/R 21. Designing A&R indicators should be based on the following recommendations

	




	

	(a)

	
Expert engagement







	
8




	

	(b)

	
Assess effectiveness of adaptation strategies and NbS







	
10




	

	(c)

	
data quality, consistency, availability, and open-access data







	
8




	

	(d)

	
interdependency with mitigation indicators







	
6




	

	(e)

	
necessity of having a baseline







	
5




	

	(f)

	
focus on the area at high risk







	
3




	

	(g)

	
feasibility assessment







	
3




	

	(h)

	
include social-cultural indicators







	
3




	

	(i)

	
measured yearly







	
2




	

	(j)

	
non-traditional data-based indicators







	
6




	

	(k)

	
climate risk assessment







	
4




	

	(l)

	
Human and technical capacity for data processing







	
3




	
Theme 3: Issues about Data Availability and Quality for Measuring Indicators




	
Sub-theme

	
Key Concerns or Recommendations (KC/R)

	
Number of Respondents




	
3.1. Data availability

	
KC/R 22. Lack of data and quality data especially at the local level and in developing nations.

	
10




	
KC/R 23. Technical capacity for data availability, access, processing, and modelling

	
6




	
KC/R 24. Lack of citizen science data

	
5




	
3.2. Data sources

	
KC/R 25. Use of “Big Data”

	
4




	
KC/R 26. Value of satellite data (e.g., Satellite data (e.g., Copernicus Climate Change Service)

	
10




	
KC/R 27. Weather data and climate projections

	
7




	
KC/R 28. Use of crowdsourced data

	
4




	
KC/R 29. Socio-economic survey data (e.g., National statistical data, Eurostat, Public health data)

	
11




	
KC/R 30. All different types of data

	
5




	
KC/R 31. In situ measurements

	
4




	
3.3. Data quality

	
KC/R 32. Data quality is very important

	
10




	
KC/R 33. Quality assurance is missing for some datasets

	
6




	
KC/R 34. Data robustness and data measurement network

	
5




	
3.4. Data interoperability/consistency

	
KC/R 35. Lack of interoperability within the same country or with other countries (from local to national)

	
7




	
KC/R 36. Importance of coverage, comparability, consistency in data collection, ground truth data, and historical data

	
7




	
KC/R 37. Fitness for purpose of data

	
4




	
3.5. Uncertainty information

	
KC/R 38. Evaluating and communicating uncertainty is very important

	
10




	
KC/R 39. Challenges of evaluating uncertainty

	
10




	
3.6. Accuracy and cost efficiency

	
KC/R 40. Different data—better accuracy

	
4




	
KC/R 41. Trade-off between accuracy and cost

	
4




	
KC/R 42. To be considered

	
10




	
KC/R 43. Availability of open-access data

	
5











 





Table 4. List of suggestions for designing adaptation and resilience (A&R) indicators. All of these are within KC21.






Table 4. List of suggestions for designing adaptation and resilience (A&R) indicators. All of these are within KC21.





	Suggestion for Designing the A&R Indicators
	(P) & (M) 1
	Number of Respondents





	Experts’ engagement
	(P) & (M)
	8



	Assess effectiveness of adaptation strategies and nature-based solutions (NbS)
	(P) & (M)
	10



	Data availability, quality, consistency, availability, and open-access data
	(P) & (M)
	8



	Interdependency with mitigation indicators
	(P)
	6



	Necessity of having a baseline
	(P)
	5



	Focus on the area at high risk
	(P)
	3



	Feasibility assessment
	(P)
	3



	Social-cultural features
	(P) & (M)
	3



	Measured yearly
	(P) & (M)
	2



	Non-traditional data-based indicators
	(P) & (M)
	6



	Climate risk assessment
	(P) & (M)
	4



	Human and technical capacity for data processing
	(P) & (M)
	3







1 Planning (P) and monitoring (M) the effectiveness of adaptation actions and the adaptive capacity.
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