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[bookmark: _Toc227584648]Abstract 
This study explores the strengths and limitations of current approaches to water management in the UK and examines how the Safe & SuRe framework can be used to better understand resilience in the context of Affinity Water. The research focuses on the increasing challenges faced by water systems, including climate change, population growth, and environmental regulations, which place pressure on both water supply and demand.
A qualitative approach was used, based on a narrative literature review and analysis of secondary data from publicly available Affinity Water reports. The study reviews existing research on water management, groundwater behaviour, and resilience, and applies the Safe & SuRe framework as a structured way of analysing system performance. Rather than developing a new model, the study focuses on understanding how current approaches perform and how resilience can be better interpreted.
The findings show that traditional planning approaches are useful for organising data and supporting decision-making but have limitations when dealing with complex and uncertain conditions. Water systems are influenced by multiple interacting factors, which are not always fully captured in simple models. The Safe & SuRe framework helps provide a clearer way of understanding resilience by focusing on safety, reliability, and sustainability.
The study concludes that improving water management does not always require new tools, but rather better use of existing approaches and improved understanding of system behaviour. This can support more effective planning and help water systems adapt to future challenges.
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Water Management and Resilience: Evaluating Approaches Using the Safe & SuRe Framework

1. [bookmark: _Toc227584649]Chapter 1: Introduction
Affinity Water is the largest water-only company in the United Kingdom, supplying around 937 million litres of drinking water every day to approximately 3.9 million people and thousands of businesses across areas such as Hertfordshire, Essex, Surrey, and London (Affinity Water, 2024e). The region it serves is classed as being under serious water stress, which means that demand for water is high compared to the amount that is naturally available. Around 65% of the company’s water comes from groundwater stored in chalk aquifers, which are sensitive to changes in rainfall and long dry periods (Affinity Water, 2024a). This makes the system more vulnerable to changes in climate.
Climate change is one of the main challenges affecting water supply. In the south of England, summers are expected to become hotter and drier, while rainfall is becoming less predictable (UKCEH, 2025; GOV.UK, 2025a). This reduces the amount of water that can refill groundwater sources. At the same time, warmer weather increases water use, which creates more demand. This leads to a situation where supply is reduced while demand increases.
Population growth adds further pressure to the system. The population in the areas served by Affinity Water is expected to grow by around 15.1% by 2050 (Affinity Water, 2024c). This means more people will rely on the same water resources, increasing overall demand. Even small increases in water use can have a large impact when many people are involved.
Environmental regulations also affect how water is managed. Water companies are required to reduce abstraction from natural sources, especially in sensitive areas such as chalk streams (Lapworth et al., 2021). These ecosystems depend on groundwater and need to be protected. While this is important for sustainability, it also reduces the amount of water available for supply.
Water companies have introduced several strategies to deal with these challenges, including reducing leakage, using smart meters, and improving natural environments. These actions help improve efficiency and reduce demand. Even so, many planning decisions are still based on traditional approaches that assume systems behave in a stable and predictable way. In reality, water systems are more complex. They are affected by multiple factors such as climate, demand, infrastructure, and environmental limits. These factors are connected, meaning that changes in one area can affect others. For example, drought can reduce groundwater levels, which may increase leakage and require more water to be taken from the system. This can make the situation worse over time.
Because of this complexity, resilience has become an important concept in water management. Resilience refers to the ability of a system to cope with challenges and continue functioning. This includes dealing with drought, managing demand, and protecting the environment at the same time.
This study focuses on understanding how current approaches to water management perform and where they are limited. It also explores how the Safe & SuRe framework can be used to better understand resilience in the context of Affinity Water. Instead of developing a new model, the study focuses on analysing existing research and applying these ideas to a real-world situation.
[bookmark: _Toc227584650]Background of the Study
Water management has become more important in the United Kingdom in recent years because of increasing pressure on water resources. This is mainly caused by climate change, population growth, and environmental concerns. Although the UK is often seen as having regular rainfall, this does not mean water is always available where and when it is needed. In particular, the south and east of England have lower rainfall and higher demand, which creates water stress.
One of the main challenges in water management is balancing supply and demand. Water supply depends on natural processes such as rainfall and groundwater recharge, which are affected by weather conditions. Demand depends on how people use water in homes, businesses, and other activities. Over time, demand has increased as the population has grown and lifestyles have changed. This makes it harder to manage water resources, especially during dry periods.
Climate change is expected to make this situation more difficult. Summers are likely to become hotter and drier, while rainfall may become less predictable (UKCEH, 2025). This reduces the amount of water that can refill groundwater sources and increases the risk of drought. At the same time, people tend to use more water during hot weather, which increases demand and puts more pressure on the system.
Groundwater is an important source of water, especially in areas served by Affinity Water. Chalk aquifers are widely used, but they behave in complex ways and can be difficult to manage (Maurice et al., 2006). Water levels can change quickly under certain conditions, which makes planning more challenging.
There is also increasing focus on protecting the environment. Ecosystems such as chalk streams depend on stable water levels and can be damaged if too much water is taken (Lapworth et al., 2021). Because of this, water companies must reduce abstraction, which limits available supply.
These challenges have led to more focus on resilience and sustainability in water management. Resilience is about how well a system can cope with problems, while sustainability focuses on protecting resources for the future. The Safe & SuRe framework provides a way of thinking about these issues by focusing on safety, reliability, and sustainability (Butler et al., 2014). This study uses these ideas to better understand how water systems can be managed under increasing pressure.
[bookmark: _Toc227584651]Aim, Objectives and Research Questions
Aim
The aim of this dissertation is to assess the strengths and limitations of current UK water management approaches and to develop a more realistic and applicable framework for Affinity Water’s future planning.
Objectives
1. To review existing research on resilience, sustainability, and water management in order to identify the strengths and limitations of current approaches.
2. To analyse how the Safe & SuRe framework can be applied to Affinity Water using secondary data, linking theoretical concepts of resilience to real-world operational challenges.
Research Questions
1. What are the strengths and weaknesses of current water management approaches?
2. How can the Safe & SuRe framework improve resilience understanding for Affinity Water?
[bookmark: _Toc227584652]Significance of the Study
This study is important because it helps improve understanding of how water management systems behave under complex and changing conditions. By analysing current approaches and applying the Safe & SuRe framework, the research helps link theory with real-world practice. The findings can support better decision-making, improve how resilience is understood, and help water companies plan more effectively for future challenges such as climate change and increasing demand.
[bookmark: _Toc227584653]Structure of the Dissertation
This dissertation is organised into five chapters, each addressing a key aspect of the research.
Chapter 1 provides an introduction to the study, outlining the background context, research aim, objectives, and significance. It also introduces the Safe & SuRe framework and explains the rationale for selecting Affinity Water as a case study.
Chapter 2 presents a comprehensive literature review, examining existing research on water management, resilience, and sustainability. It critically evaluates current approaches and explores the theoretical foundations of the Safe & SuRe framework.
Chapter 3 outlines the research methodology, explaining the use of secondary data and justifying the choice of a qualitative literature-based approach. It also discusses data sources, analytical methods, and limitations.
Chapter 4 Results and Discussion applies the Safe & SuRe framework to Affinity Water, analysing its current strategies and performance. This chapter integrates findings from the literature review with real-world data to identify strengths, weaknesses, and opportunities for improvement.
Chapter 5 Recommendation, Conclusion and Limitation: the dissertation by summarising key findings, answering the research questions, and providing recommendations for future research and practice.
[bookmark: _Toc227584654]Chapter Summary
In summary, this chapter has established the context and rationale for the dissertation by highlighting the increasing importance of water management in the UK. It has shown that climate change, population growth, and regulatory pressures are creating significant challenges for water companies, particularly in water-stressed regions such as the south-east of England. Affinity Water has been identified as a relevant and valuable case study due to its unique operational challenges and strategic importance.
The chapter has also introduced the Safe & SuRe framework as a comprehensive tool for evaluating water system performance, emphasising its potential to address the limitations of traditional approaches. The research aim, objectives, and questions have been clearly defined, providing a structured foundation for the study.
Finally, the next chapter will build on this foundation by reviewing existing literature on water management, resilience, and sustainability, providing the theoretical basis for the analysis.
2. [bookmark: _Toc227584655]Chapter 2: Literature Review 
1. [bookmark: _Toc227584450][bookmark: _Toc227584518][bookmark: _Toc227584588][bookmark: _Toc227584656]
[bookmark: _Toc227584657]Introduction
This chapter reviews existing research related to water management and resilience in the UK. It focuses on key issues such as climate change, population growth, and environmental pressures, which all affect how water systems operate. The chapter also examines traditional planning approaches and their limitations, especially when dealing with complex and uncertain conditions.
In addition, the concept of resilience is checked, with particular focus on the Safe & SuRe framework. This framework is used to understand how water systems can cope with challenges and maintain performance over time. The literature reviewed in this chapter provides the foundation for the study by identifying key themes and gaps in current approaches, which are then explored further in later chapters.
[bookmark: _Toc227584658]Climate Change and Water Pressure in the UK
Climate change is one of the biggest challenges affecting water management in the UK. Research shows that temperatures are increasing, and rainfall patterns are becoming less predictable (UKCEH, 2025). Summers are expected to become hotter and drier, while winters may become wetter but with more intense rainfall events. This change in weather patterns affects how water moves through the environment.
During dry periods, less rainfall means that less water enters the ground and refills groundwater sources. This is known as recharge. When recharge levels decrease, groundwater levels can drop over time, which reduces the amount of water available for supply. This is a major issue for areas that depend on groundwater, such as those served by Affinity Water. At the same time, higher temperatures increase evaporation, which means that even less water, is retained in the system.
Demand for water also increases during warmer periods. People tend to use more water for activities such as watering gardens, washing, and staying cool. This creates a situation where demand increases at the same time as supply decreases. Over time, this imbalance can lead to water shortages, especially in areas that are already under water stress.
Population growth adds further pressure to the system. As more people live in an area, the total demand for water increases. This includes not only household use but also water used by businesses and public services. In addition, changes in lifestyle can lead to higher water use per person. For example, people may use more water for leisure activities or expect higher standards of cleanliness and comfort.
Environmental regulations also affect water availability. Water companies are required to reduce abstraction from natural sources to protect ecosystems. Chalk streams are particularly important in this context, as they rely on groundwater to maintain flow and support wildlife (Lapworth et al., 2021). Reducing abstraction helps protect these environments but also reduces the amount of water available for supply. This creates a balance that must be carefully managed.
Overall, climate change, population growth, and environmental protection are all increasing pressure on water systems. These challenges are happening at the same time, which makes water management more complex and increases the need for better planning approaches.
[bookmark: _Toc227584659]Traditional Water Resource Planning Approaches
Traditional water resource planning is mainly based on models that compare water supply with expected demand. These models are widely used in the water industry because they are simple, structured, and easy to understand. They allow water companies to predict future demand, estimate available supply, and identify potential shortages. This makes them useful for planning and decision-making, especially when creating official reports such as Water Resources Management Plans.
One of the main strengths of these models is that they provide clear and organised information. They are also widely accepted by regulators, which makes them useful for communication and approval processes. In situations where conditions are stable and predictable, these models can provide reasonable results and support effective planning.
Even so, there are important limitations to these approaches. Traditional models often assume that systems behave in a stable and predictable way. They rely on historical data to predict future conditions, which means they assume that patterns such as rainfall and demand will continue in the same way. Climate change makes this assumption less reliable, as future conditions may be very different from the past.
Another limitation is that these models often assume linear relationships between variables. This means they expect changes to happen gradually and in a predictable way. In reality, water systems do not always behave like this. Small changes in one factor can sometimes lead to large and sudden effects. For example, a small reduction in rainfall over a long period can lead to a significant drop in groundwater levels.
Traditional models also tend to focus on a single future scenario. This means they do not fully account for uncertainty. Climate change, population growth, and human behaviour can all vary, which means there are many possible future outcomes. Focusing on one scenario may not prepare water companies for unexpected changes.
Because of these limitations, there is increasing interest in approaches that can better represent complexity and uncertainty in water systems.
[bookmark: _Toc227584660]Chalk Aquifers and System Behaviour
Chalk aquifers are an important source of water in southern England, but they behave in complex ways that are not always easy to predict. Water can move slowly through the porous chalk material, but it can also move quickly through fractures and cracks in the rock. This creates a system where water movement is uneven and can change quickly under certain conditions (Maurice et al., 2006).
One important feature of chalk aquifers is that they often show non-linear behaviour. This means that changes do not always happen gradually. Water levels can remain stable for a long time and then suddenly drop when certain conditions are reached. This is often linked to threshold effects, where the system changes quickly after a certain point.
For example, during a long dry period, groundwater levels may slowly decrease. Once levels fall below a certain point, water may start to drain more quickly through fractures, leading to a faster decline. This makes it difficult to predict how the system will behave using simple models.
Chalk aquifers are also affected by feedback relationships. For example, lower groundwater levels may lead to increased abstraction to meet demand. This further reduces water levels, creating a cycle that makes the situation worse. At the same time, dry conditions can increase leakage due to soil shrinkage, which also increases pressure on the system.
These behaviours show that chalk aquifers are complex systems that do not always follow simple patterns. This makes them difficult to manage using traditional approaches and highlights the need for better ways of understanding system behaviour.
[bookmark: _Toc227584661]Resilience in Water Management
Resilience has become an important concept in water management because it focuses on how systems respond to challenges. In simple terms, resilience refers to the ability of a system to continue functioning even when it is under stress. For water systems, this includes dealing with droughts, increased demand, and infrastructure problems.
A resilient water system should be able to maintain supply during difficult conditions. This means that even during extreme events, customers should still have access to water. Regulators now expect water companies to demonstrate this ability, which has made resilience an important part of planning (Ofwat, 2024).
Resilience is also linked to sustainability, which focuses on protecting resources for the future. This means that water companies must not only meet current demand but also ensure that they are not damaging the environment or using resources too quickly. Both resilience and sustainability are important for long-term water management.
Another important part of resilience is adaptability. Water systems must be able to adjust to changing conditions over time. This includes changes in climate, population, and technology. Systems that can adapt are more likely to remain stable in the long term.
	Component
	Description
	Example from Affinity Water

	Safety
	Ability to cope with extreme events
	Drought reduces groundwater levels and affects supply

	Reliability
	Ability to provide consistent supply
	Demand management and infrastructure maintain supply

	Sustainability
	Long-term environmental and resource balance
	Reduced abstraction to protect chalk streams


[bookmark: _Toc227584662]The Safe & SuRe Framework
(Adedated from Butler et al., 2012) 
The Safe & SuRe framework is a widely used approach for understanding resilience in water systems. It focuses on three key areas: safety, reliability, and sustainability (Butler et al., 2014). Safety refers to how well a system can cope with extreme events, such as droughts. Reliability focuses on providing a consistent water supply under normal conditions. Sustainability looks at long-term impacts on resources and the environment.
This framework helps organise thinking about different types of risks and how they affect the system. It encourages a balanced approach, where both short-term performance and long-term outcomes are considered. It also highlights the importance of understanding how different risks are connected.
Even so, the Safe & SuRe framework is often used at a conceptual level rather than being applied directly in practice. Many studies discuss the framework but do not show how it can be used in real decision-making. This creates a gap between theory and practice.
[bookmark: _Toc227584663]Linking Theory to Practice
One of the main gaps identified in the literature is the lack of connection between theoretical ideas and practical application. While concepts such as resilience and frameworks like Safe & SuRe are widely discussed, they are not always used in real planning processes.
This study addresses this gap by analysing how these ideas can be applied to a real-world context using secondary data from Affinity Water. Instead of developing a new model, it focuses on understanding how existing concepts can be used to improve thinking and decision-making.
[bookmark: _Toc227584664]Chapter Summary
This chapter has shown that water management is becoming more challenging due to climate change, population growth, and environmental regulations. Traditional approaches are useful but have limitations because they assume stable system behaviour. Chalk aquifers behave in complex ways, which makes them difficult to manage using simple models.
Resilience is an important concept that focuses on how systems respond to challenges. The Safe & SuRe framework provides a useful way of thinking about resilience, but it is not always applied in practice. There is a need to better connect theory with real-world situations. This study builds on these ideas by analysing how resilience can be better understood when talking about Affinity Water.
3. [bookmark: _Toc227584665]Chapter 3: Methodology
2. [bookmark: _Toc227584460][bookmark: _Toc227584528][bookmark: _Toc227584598][bookmark: _Toc227584666]
[bookmark: _Toc227584667]Introduction
This chapter outlines the methodological framework used to investigate the strengths and limitations of current water management approaches and to evaluate how resilience can be better understood through the Safe and SuRe framework. The chapter provides a clear justification for the research design, data collection strategy, and analytical methods, ensuring that all methodological choices are aligned with the research aim and objectives.
To achieve this, the study is guided by the Research Onion framework developed by Saunders, Lewis and Thornhill (2019). The Research Onion provides a structured model for designing research by organising it into layers, progressing from broader philosophical assumptions to specific data collection and analysis techniques. These layers include research philosophy, research approach, research strategy, methodological choices, and data analysis methods. The framework ensures internal consistency by linking each stage of the research process logically and systematically.
In this study, the Research Onion is used to justify the selection of a qualitative, literature-based approach and to ensure that the analytical methods applied in Chapter 4 are clearly grounded in the methodological design presented here. This alignment is critical, as the analytical structure developed in this chapter directly informs the thematic and comparative analysis presented in the subsequent chapter.

3.2 Research Design and Approach
3.2.1 Research Philosophy

At the outer layer of the Research Onion, this study adopts an interpretivist research philosophy. Interpretivism is appropriate because the research focuses on understanding how resilience, sustainability, and safety are conceptualised and applied within water management systems. These concepts are not fixed or universally defined; rather, they are shaped by context, policy, and stakeholder perspectives.
An interpretivist approach allows for in-depth exploration of these meanings and supports the use of qualitative data, making it more suitable than a positivist approach, which is typically associated with quantitative measurement (Saunders, Lewis and Thornhill, 2019).
[bookmark: _Toc227584668]Figure1 Onion Framework Research Design
[image: Writing Your Research Paper Methodology | Jean Monnet Centre of Excellence]
(diagram from Academic-writing.uk)
[bookmark: _Toc227584669]3.2.2 Research Approach
The study follows an inductive research approach. This means that patterns, themes, and insights are derived from the data rather than being used to test pre-existing hypotheses. An inductive approach is particularly appropriate for this research because it aims to explore and interpret complex systems rather than measure them.
By allowing themes to emerge from the literature, the study ensures that the findings are grounded in evidence rather than imposed assumptions. This is essential when analysing multidisciplinary concepts such as resilience and sustainability.
[bookmark: _Toc227584670]3.2.3 Research Strategy
The research strategy is based on a qualitative secondary literature review. This approach enables the study to synthesise a wide range of academic, policy, and industry sources to develop a comprehensive understanding of water management and resilience.
The use of secondary data is justified for several reasons. First, the Safe and SuRe framework is widely discussed in existing literature, making it possible to conduct a robust analysis without primary data collection. Second, the inclusion of industry reports, such as those from Affinity Water, allows the study to bridge theory and practice.
A narrative synthesis method is employed to integrate findings across sources. This method is particularly suitable for literature-based research as it enables the organisation of complex and diverse information into coherent themes while maintaining contextual depth (Popay et al., 2006).
[bookmark: _Toc227584671]Data Collection and Selection
[bookmark: _Toc227584672]3.3.1 Data Sources
Data for this study were collected from multiple sources to ensure both theoretical and practical coverage. These include:
· Academic journal articles 
· Government and policy documents 
· Environmental agency reports 
· Industry reports (e.g., Affinity Water WRMP and LTDS) 
The inclusion of both academic and grey literature ensures a balanced perspective, capturing both conceptual frameworks and real-world applications.
[bookmark: _Toc227584673]3.3.2 Search Strategy
A systematic search strategy was used to identify relevant literature. Key databases included Scopus, Web of Science, and Google Scholar. Search terms were developed based on the research aim and included combinations such as:
· Safe and SuRe
· Water resilience
· Infrastructure systems
· Climate change
· Risk management
Boolean operators (AND, OR) were used to refine results. An iterative approach was adopted, and a snowballing technique was used to identify additional relevant studies (Wohlin, 2014).
[bookmark: _Toc227584674]3.3.3 Inclusion and Exclusion Criteria

To ensure quality and relevance, the following criteria were applied:
Inclusion Criteria:
· Peer-reviewed academic literature and authoritative reports
· Studies focused on water management, resilience, and infrastructure
· Relevant policy and industry documents
· English-language sources
[bookmark: _Toc227584675]3.3.4 Exclusion Criteria:
· Non-scholarly or unreliable sources
· Irrelevant studies
· Duplicate records
These criteria ensure that the data used in the study are both credible and aligned with the research objectives.

[bookmark: _Toc227584676]3.4 Data Extraction and Analysis Framework

This section presents the core analytical framework used in the study. It is structured to directly support Chapter 4, where findings are presented according to thematic categories and the Safe and SuRe framework.
The analytical process follows a clear sequence:
Data Extraction → Coding → Thematic Development → Framework Mapping → Comparative Analysis

This structure ensures that the transition from raw data to final interpretation is transparent and methodologically robust.
[bookmark: _Toc227584677]3.4.1 Data Extraction (Qualitative Content Analysis)
A structured data extraction framework was used to systematically collect key information from each source. This included:
· Source type
· Study focus and objectives
· Key findings
· Identified themes (e.g., climate change, system behaviour)
· Relevance to Safe and SuRe
This process reflects qualitative content analysis, which is used to organise and categorise textual data in a systematic manner (Schreier, 2012). It ensures consistency across sources and provides a clear foundation for further analysis.

3.4.2 Coding Process (Grounded Theory Techniques)

Following data extraction, a coding process was conducted to identify patterns within the data. Open coding was used to generate initial concepts such as:
· System interconnectivity
· Climate pressures
· Risk management
· Sustainability challenges
These were then grouped using axial coding into broader categories. This process enables the identification of relationships between concepts and supports the development of meaningful analytical structures (Corbin and Strauss, 2015).
[bookmark: _Toc227584678]3.4.3 Thematic Development
The coded data were analysed using thematic analysis to identify overarching patterns. This method is particularly suitable for identifying recurring issues across multiple sources (Braun and Clarke, 2006).
Key themes identified include:
· Complexity and interconnectivity of water systems
· Limitations of traditional management approaches
· Increasing pressures from climate change
· The need to balance safety, reliability, and sustainability
These themes form the basis of the analysis presented in Chapter 4.
[bookmark: _Toc227584679]3.4.4 Framework Mapping (Safe and SuRe)
To provide analytical structure, the identified themes were mapped onto the Safe and SuRe framework. This allows for systematic evaluation of how resilience is understood and implemented.
The framework is used to assess:
· Strengths of current approaches
· Limitations and gaps
· Opportunities for improvement
[bookmark: _Toc227584680]3.4.5 Comparative and Matrix Analysis
A comparative analysis was conducted to evaluate differences between traditional water management approaches and those aligned with Safe and SuRe principles.
This involved:
· Comparing strengths and limitations
· Assessing alignment with resilience principles
· Identifying gaps in current practices
Matrix-based analysis was used to present findings clearly and support structured comparison (Miles, Huberman and Saldaña, 2014).
[bookmark: _Toc227584681]3.4.6 Analytical Workflow and Chapter Alignment
The analytical framework developed in this section directly informs Chapter 4. Specifically:
Extracted data → Presented in summary tables
· Themes → Structured into analytical sections
· Safe and SuRe mapping → Forms main discussion headings
· Comparative analysis → Supports evaluation of findings
· This ensures a clear and logical transition from methodology to results.
Ethical Considerations
This study does not involve any primary data collection, such as interviews or surveys. All data used is publicly available, which means there are no issues related to privacy or confidentiality. Because of this, the study is considered low risk from an ethical point of view (Saunders et al., 2019).
It is still important to ensure that all sources are properly referenced and that information is used accurately. This helps maintain academic integrity and ensures that the research is reliable (Saunders et al., 2019).
2.1. [bookmark: _Toc227584476][bookmark: _Toc227584544][bookmark: _Toc227584614][bookmark: _Toc227584682]
2.2. [bookmark: _Toc227584477][bookmark: _Toc227584545][bookmark: _Toc227584615][bookmark: _Toc227584683]
[bookmark: _Toc227584684]Limitations

This study is subject to several limitations. The use of secondary data means that findings are dependent on the availability and quality of existing sources. Some industry practices may not be fully disclosed, limiting the depth of analysis.
Additionally, the absence of quantitative modelling means that findings are interpretive rather than empirically validated. The qualitative approach may also introduce subjectivity.
However, these limitations are mitigated through the use of a structured and transparent analytical framework.
[bookmark: _Toc227584685]3.6 Chapter Summary

This chapter has presented a structured and theoretically grounded methodology guided by the Research Onion framework (Saunders, Lewis and Thornhill, 2019). By aligning research philosophy, approach, strategy, and analytical methods, the study ensures methodological coherence.
The multi-stage analytical framework provides a clear pathway from data collection to interpretation, ensuring that the findings presented in Chapter 4 are both systematic and robust.
3. [bookmark: _Toc227584686]Chapter 4: Results and Discussion
[bookmark: _Toc227584687]Introduction
This chapter presents a comprehensive analysis of the findings derived from the methodological framework outlined in Chapter 3. Rather than presenting results as isolated observations, this chapter demonstrates how the application of multiple qualitative analytical techniques  namely qualitative content analysis, grounded theory coding, thematic analysis, framework analysis, and comparative matrix analysis has enabled a systematic interpretation of water management approaches and resilience.
The primary aim of this study is to evaluate the strengths and limitations of current water management approaches and to explore how the Safe and SuRe framework can enhance understanding of resilience within the context of Affinity Water. To achieve this, the findings are structured in alignment with the analytical workflow established in Chapter 3:
Data Extraction → Coding → Thematic Development → Framework Mapping → Comparative Analysis
This layered analytical process reflects established qualitative research principles, where meaning is progressively constructed from raw data to conceptual interpretation (Braun and Clarke, 2006; Miles, Huberman and Saldaña, 2014). By explicitly linking each stage of analysis to its corresponding findings, this chapter ensures methodological transparency and analytical rigour.
The discussion is also framed around the two research questions. The first focuses on identifying the strengths and limitations of current water management approaches, while the second evaluates how the Safe and SuRe framework can be used to improve understanding of resilience. Throughout the chapter, particular attention is given to the interaction between key system drivers, including climate change, demand pressures, infrastructure performance, and environmental constraints.

[bookmark: _Toc227584688]Data Extraction Findings: Qualitative Content Analysis
The first stage of analysis involved the application of qualitative content analysis, which provided a structured approach to organising and categorising information from a diverse range of sources, including academic literature, policy documents, and industry reports. This method is particularly useful in literature-based research, as it allows large volumes of textual data to be systematically reduced into meaningful categories while preserving contextual depth (Schreier, 2012).
The findings from this stage revealed several recurring patterns across the literature. Firstly, water systems are consistently described as complex and interconnected. This reflects the growing recognition that water infrastructure does not operate in isolation but is influenced by a range of environmental, social, and technical factors. Secondly, current water management approaches are heavily reliant on historical data, which is used to predict future supply and demand conditions. Thirdly, there is an increasing emphasis on sustainability, particularly in relation to environmental protection and reduced abstraction. Finally, climate change is identified as a significant and escalating risk, affecting both water availability and demand patterns.
While qualitative content analysis is effective in identifying these patterns, it is inherently limited in its ability to explain relationships between variables. As noted by Schreier (2012), this method is primarily descriptive, providing a foundation for further analysis rather than generating deeper insights on its own. This limitation is evident in the findings, which highlight the presence of key issues but do not fully explain how they interact within the system.
From a critical perspective, the findings suggest a disconnect between theoretical understanding and practical application. Although the literature widely acknowledges system complexity, many real-world approaches continue to simplify these dynamics into linear and predictable models. This reflects what Pahl-Wostl (2007) identifies as a key challenge in water management: the difficulty of translating integrated and systems-based thinking into operational practice.

[bookmark: _Toc227584689]Table 1: Data Extraction Summary (Qualitative Content Analysis)
	Source
	Focus Area
	Key Findings
	Identified Concepts
	Relevance to Study

	Hall et al. (2017)
	Infrastructure resilience
	Systems operate under deep uncertainty
	Uncertainty, risk
	Challenges traditional models

	Maurice et al. (2006)
	Groundwater systems
	Non-linear aquifer behaviour
	Threshold effects, complexity
	Explains system unpredictability

	Butler et al. (2014)
	Safe & SuRe framework
	Balance of safety, reliability, sustainability
	Resilience dimensions
	Core analytical framework

	Pahl-Wostl (2007)
	Water governance
	Need for integrated management
	Interconnectivity, governance
	Supports systems thinking

	Ofwat (2023)
	Regulation
	Structured planning frameworks
	Data-driven planning
	Shows strengths of current approaches





[bookmark: _Toc227584690]4.3 Coding Findings: Grounded Theory Approach

The second stage of analysis involved the application of grounded theory coding techniques, including open coding and axial coding. This approach enabled the identification of patterns and relationships within the data, allowing for a more interpretive understanding of the issues identified during data extraction.

Through open coding, a range of initial concepts emerged from the literature, including system interconnectivity, climate-driven uncertainty, infrastructure constraints, demand pressures, and risk management practices. These concepts were not predefined but emerged directly from the data, ensuring that the analysis remained grounded in empirical evidence (Corbin and Strauss, 2015).

Axial coding was then used to group these concepts into broader analytical categories. This process revealed that water management challenges are not isolated but are deeply interconnected. For example, climate change influences both supply and demand by reducing rainfall while increasing water consumption. Similarly, infrastructure performance affects leakage rates, which in turn influence overall demand. Environmental regulations further complicate this dynamic by limiting abstraction, thereby reducing available supply.

These findings highlight the importance of understanding water systems as complex adaptive systems. According to Meadows (2008), such systems are characterised by feedback loops, where changes in one part of the system influence other parts, often in unpredictable ways. This perspective is supported by the findings, which demonstrate that water management cannot be effectively understood by examining individual variables in isolation.
A key implication of this stage of analysis is that traditional water management approaches may be insufficient for addressing system complexity. By treating variables such as supply, demand, and infrastructure independently, these approaches fail to capture the dynamic interactions that define real-world systems. This limitation reinforces the need for more integrated and adaptive approaches to water management.
3.1. [bookmark: _Toc227584485][bookmark: _Toc227584553][bookmark: _Toc227584623][bookmark: _Toc227584691]
[bookmark: _Toc227584692]Thematic Development and Interpretation
Thematic analysis was used to synthesise the coded data into higher-level patterns, resulting in four key themes:
· Complexity and non-linearity of water systems
· Limitations of traditional management approaches
· Increasing pressures from climate change and demand
· Need for integrated and adaptive management
These themes provide a more comprehensive understanding of the findings by linking individual concepts into broader narratives.
See table below that demonstrate descriptive analytical data.
The first theme highlights the complexity of water systems, particularly in relation to groundwater behaviour. As noted by Maurice et al. (2006), chalk aquifers exhibit both slow and rapid flow mechanisms, resulting in non-linear responses to environmental changes. This means that water levels can remain stable for extended periods before experiencing sudden declines, a phenomenon known as threshold behaviour.
The second theme focuses on the limitations of traditional management approaches. These approaches are often based on assumptions of stability and predictability, relying on historical data to forecast future conditions. However, as Hall et al. (2017) argue, such assumptions are increasingly invalid in the context of climate change, which introduces significant uncertainty and variability.
The third theme emphasises the growing pressure on water systems from climate change and population growth. Reduced rainfall and increased temperatures affect both supply and demand, creating a dual pressure on the system. This is further compounded by environmental regulations, which restrict water abstraction to protect ecosystems.
The fourth theme highlights the need for integrated and adaptive management approaches. Rather than focusing on individual components of the system, these approaches consider the interactions between multiple factors and incorporate uncertainty into decision-making processes.
Overall, thematic analysis reveals a fundamental mismatch between the complexity of water systems and the simplicity of traditional management approaches. This finding is central to understanding the limitations of current practices and the need for alternative frameworks.

[bookmark: _Toc227584693]Table 2: Thematic Development
	Theme
	Description
	Supporting Literature
	Interpretation

	System Complexity
	Interconnected and dynamic systems
	Meadows (2008); Maurice et al. (2006)
	Systems behave unpredictably

	Model Limitations
	Over-reliance on linear assumptions
	Hall et al. (2017)
	Traditional models are insufficient

	Climate & Demand Pressure
	Increasing stress on supply systems
	UKCEH (2025)
	Dual pressure on systems

	Need for Adaptation
	Requirement for flexible approaches
	Pahl-Wostl (2007)
	Shift to adaptive management


This table demonstrates how raw data becomes structured meaning and shows transition from descriptive analytical.
[bookmark: _Toc227584694]Framework Mapping: Safe and SuRe Analysis
The Safe and SuRe framework was used to structure the analysis of resilience across three key dimensions: safety, reliability, and sustainability (Butler et al., 2014). This framework provides a useful lens for evaluating how well current water management approaches address different aspects of resilience.
In terms of safety, the findings indicate that water systems are vulnerable to extreme events such as drought. Climate projections suggest that such events will become more frequent and severe, increasing the risk of supply shortages (UKCEH, 2025). For Affinity Water, reliance on groundwater sources further exacerbates this risk, as aquifer recharge is highly dependent on rainfall.

Reliability is identified as a relative strength of current approaches. Water companies have developed robust systems for monitoring demand, managing supply, and maintaining infrastructure. However, reliability is shown to be conditional, as it depends on stable external conditions. Changes in climate and demand can disrupt this balance, reducing the effectiveness of existing systems.
Sustainability has improved in recent years, with greater emphasis on environmental protection and reduced abstraction. However, achieving sustainability involves trade-offs between meeting current demand and preserving resources for the future. This reflects the concept of competing objectives, where different aspects of resilience must be balanced.
From a critical perspective, the Safe and SuRe framework is effective in structuring analysis but does not provide specific guidance on implementation. It highlights what needs to be considered but not how it should be achieved. This suggests that while the framework is useful for understanding resilience, it must be combined with practical tools and strategies to be fully effective.
[bookmark: _Toc227584695]Comparative and Matrix Analysis
The final stage of analysis involved comparing traditional water management approaches with the principles of the Safe and SuRe framework. This comparison highlights key differences in how resilience is conceptualised and addressed.
Traditional approaches focus on efficiency, predictability, and supply-demand balance. In contrast, the Safe and SuRe framework emphasises adaptability, uncertainty, and system-wide resilience. This reflects a shift from deterministic to adaptive thinking, where the goal is not to predict the future but to prepare for a range of possible outcomes.
This shift is consistent with resilience theory, which emphasises the importance of flexibility and adaptability in complex systems (Holling, 1973). Rather than optimising performance under stable conditions, resilient systems are designed to cope with change and uncertainty.
The comparative analysis also highlights that traditional approaches are not inherently flawed but are limited in scope. They provide a useful foundation for planning and decision-making but must be complemented by approaches that account for complexity and uncertainty.
[bookmark: _Toc227584696]Integrated Discussion
Across all stages of analysis, a consistent pattern emerges: water systems are complex, interconnected, and subject to increasing uncertainty, while current management approaches remain largely simplified and deterministic.
The integration of multiple analytical methods strengthens this conclusion. Each method contributes a different perspective, from identifying patterns to interpreting relationships and evaluating frameworks. This multi-layered approach enhances the robustness and credibility of the findings.
The results suggest that improving water management requires a shift towards more integrated and adaptive approaches. This includes recognising system complexity, incorporating uncertainty into planning, and balancing competing objectives.
[bookmark: _Toc227584697]Applying Insights to Real-World Decision Making
The findings from this study have important implications for how water management decisions are made. One of the key points is that planning should not rely only on simple models that assume stable conditions. Instead, there is a need to consider uncertainty and complexity when making decisions.
Using frameworks such as Safe & SuRe can help improve decision-making by providing a more structured way of thinking about risks. It encourages water companies to consider how systems behave under different conditions and to think about both short-term and long-term impacts.
For example, instead of focusing only on meeting current demand, planning can also consider how the system will respond to extreme events such as drought. This helps identify potential risks and develop strategies to manage them. It also helps ensure that decisions support long-term sustainability rather than only short-term performance.
The use of secondary data from Affinity Water shows that it is possible to apply these ideas to real-world situations. By analysing existing information, it is possible to identify key challenges and explore how different approaches may improve resilience. This supports the idea that better understanding, rather than more complex tools, can lead to improved decision-making (Ofwat, 2023).
[bookmark: _Toc227584698]Evaluation of Findings
The findings from this study show that current approaches to water management provide a useful starting point but have important limitations. Their strengths include simplicity, clarity, and the use of real data. These features make them suitable for planning and communication.
Even so, their limitations become clear when dealing with complex and changing conditions. The assumption of stable system behaviour does not reflect the reality of water systems, especially under climate change. The lack of consideration for feedback relationships and uncertainty also reduces their effectiveness.
The Safe & SuRe framework provides a useful way of addressing some of these limitations. It helps organise thinking around resilience and highlights the importance of balancing safety, reliability, and sustainability. Even so, it is not a complete solution on its own. It provides a way of understanding systems but does not replace the need for detailed analysis.
This suggests that improving water management requires combining different approaches (Hall et al, 2017). Traditional models can still be used for planning, but they should be supported by frameworks that consider complexity and uncertainty. This combined approach is more likely to provide a realistic understanding of system behaviour.
[bookmark: _Toc227584699]Limitations of the Analysis
There are some limitations to the analysis presented in this chapter. One limitation is that it is based on secondary data, which may not include all details of the system. This means that some aspects of system behaviour may not be fully captured.
Another limitation is that the analysis is based on interpretation of existing research. While this allows for a broad understanding of the topic, it may introduce some level of subjectivity. Different interpretations of the same information could lead to different conclusions.
Even so, efforts were made to use reliable sources and to base conclusions on consistent findings across the literature. This helps improve the credibility of the analysis.
[bookmark: _Toc227584700]Chapter Summary
This chapter has demonstrated how a structured analytical framework can be used to generate meaningful insights into water management and resilience. The findings highlight both the strengths and limitations of current approaches and emphasise the value of the Safe and SuRe framework in improving understanding.
However, the study also shows that no single approach is sufficient. Effective water management requires a combination of traditional methods and adaptive frameworks, supported by a deeper understanding of system behaviour.
4. [bookmark: _Toc227584701]Chapter 5: Recommendations, Conclusion and Limitations
[bookmark: _Toc227584702]Introduction
This chapter presents the final stage of the research by synthesising the key findings from Chapter 4 and translating them into practical recommendations. It also provides an overall conclusion to the study and reflects on its limitations.
The structure of this chapter is directly aligned with the analytical framework established in Chapter 3 and applied in Chapter 4. Specifically, the recommendations are derived from the findings produced through qualitative content analysis, grounded theory coding, thematic development, framework mapping using the Safe and SuRe model, and comparative analysis.
The results demonstrated that while current water management approaches provide a structured and data-driven foundation, they are limited in their ability to address system complexity, uncertainty, and interdependencies. These limitations are particularly significant in the context of climate change, population growth, and environmental constraints.
This chapter therefore focuses on how existing approaches can be strengthened through improved understanding, integration of resilience thinking, and better use of analytical frameworks such as Safe and SuRe.
[bookmark: _Toc227584703]Recommendations
The recommendations presented below are grounded in the analytical findings of Chapter 4 and supported by relevant academic literature. They aim to improve both theoretical understanding and practical application of water management.
[bookmark: _Toc227584704]5.2.1 Enhancing Understanding of System Complexity
One of the most significant findings from the thematic and coding analysis is that water systems operate as complex, interconnected systems characterised by feedback loops and non-linear behaviour. However, traditional management approaches often simplify these dynamics into linear and predictable relationships.
It is therefore recommended that water companies adopt a stronger systems-thinking approach. Systems thinking, as described by Meadows (2008), emphasises understanding relationships and interactions rather than isolated variables. Similarly, Pahl-Wostl (2007) highlights the importance of integrated water resource management in addressing complex environmental challenges.
Rather than relying solely on simplified models, decision-makers should incorporate analytical frameworks that capture interdependencies between climate, demand, infrastructure, and environmental limits. The Safe and SuRe framework can support this by providing a structured way of considering multiple system dimensions simultaneously (Butler et al., 2014).
Improving understanding of system complexity will enable earlier identification of risks, more informed planning, and greater adaptability to changing conditions.
[bookmark: _Toc227584705]5.2.2 Embedding Resilience Thinking in Decision-Making
The framework mapping analysis in Chapter 4 demonstrated that resilience is not fully integrated into current decision-making processes. While resilience is recognised conceptually, its practical application remains limited.
It is recommended that water companies embed resilience thinking more explicitly into planning and operational strategies. This involves shifting from a focus on efficiency and predictability towards adaptability and robustness.
The Safe and SuRe framework provides a useful structure by emphasising the balance between safety, reliability, and sustainability (Butler et al., 2014). However, resilience thinking should also incorporate broader theoretical perspectives. For example, Holling (1973) argues that resilient systems are those that can absorb disturbances while maintaining functionality, while Folke (2006) emphasises the importance of adaptability and learning.
Applying these principles would involve:
· Considering multiple future scenarios rather than a single forecast 
· Planning for extreme events such as drought 
· Incorporating uncertainty into decision-making 
This approach would enhance the ability of water systems to cope with both expected and unexpected challenges.
[bookmark: _Toc227584706]5.2.3 Strengthening Demand Management Strategies
The comparative and thematic analysis identified increasing demand as a key pressure on water systems. Population growth, behavioural patterns, and climate change all contribute to rising water consumption.
It is therefore recommended that demand management strategies be expanded and prioritised. Existing measures, such as smart metering and public awareness campaigns, have already shown effectiveness in reducing water use (Defra, 2021).
However, further improvements can be made by:
· Enhancing customer engagement to influence behavioural change 
· Using real-time data to monitor and manage consumption 
· Integrating demand management into long-term planning strategies 
From a systems perspective, reducing demand has a multiplier effect. It not only decreases pressure on water resources but also improves system resilience by increasing the margin between supply and demand.
[bookmark: _Toc227584707]5.2.4 Improving Infrastructure and Reducing Leakage
The coding and thematic analysis identified infrastructure performance, particularly leakage, as a critical factor influencing system efficiency and resilience.
Leakage reduces available supply and increases system stress, especially during periods of drought. Furthermore, as identified in Chapter 4, leakage can be exacerbated by environmental conditions such as soil shrinkage.
It is recommended that water companies continue to prioritise infrastructure investment and leakage reduction. This includes:
· Upgrading ageing infrastructure 
· Implementing advanced monitoring technologies 
· Adopting predictive maintenance strategies 
Reducing leakage aligns with both resilience and sustainability objectives, as it improves efficiency while reducing environmental impact.
[bookmark: _Toc227584708]5.2.5 Balancing Environmental Sustainability and Water Supply
The framework analysis highlighted a key tension between environmental protection and water supply. While reducing abstraction is essential for protecting ecosystems, it also limits available resources.
It is recommended that water management adopt a more integrated and balanced approach. This aligns with the concept of adaptive governance, which emphasises flexibility and collaboration in managing environmental resources (Pahl-Wostl, 2009).
Potential strategies include:
· Investing in nature-based solutions such as catchment restoration 
· Enhancing natural water storage capacity 
· Integrating environmental considerations into all planning decisions 
This approach ensures that sustainability is not treated as a constraint but as an integral part of system resilience.
[bookmark: _Toc227584709]5.2.6 Enhancing the Use of Data for Decision-Making
The data extraction and comparative analysis showed that while water companies have access to extensive data, its use is often limited to reporting and compliance purposes.
It is recommended that data be used more strategically to support analysis and decision-making. This includes:
· Identifying patterns and trends in system behaviour 
· Analysing interactions between variables 
· Supporting scenario-based planning 
According to Ofwat (2023), improved data utilisation can enhance both efficiency and resilience by reducing uncertainty and supporting evidence-based decisions.
[bookmark: _Toc227584710]Conclusion
This study aimed to evaluate the strengths and limitations of current water management approaches and to explore how the Safe and SuRe framework can enhance understanding of resilience within the context of Affinity Water.
The findings demonstrate that current approaches provide a valuable foundation for water management. Their strengths include structured planning, widespread acceptance, and reliance on empirical data. These features make them effective for communication, regulatory compliance, and baseline decision-making.
However, the study also identified significant limitations. Traditional approaches often rely on assumptions of stability and predictability, which do not reflect the complex and dynamic nature of water systems. As highlighted through thematic and coding analysis, water systems are influenced by multiple interconnected factors, including climate change, demand pressures, infrastructure performance, and environmental constraints.
The application of the Safe and SuRe framework provided a more holistic understanding of resilience by emphasising the balance between safety, reliability, and sustainability. This framework helped to highlight gaps in current approaches and provided a structured way of analysing system performance.
Importantly, the study demonstrates that improving water management does not necessarily require the development of entirely new models. Instead, it requires a shift in perspective, from simplified and deterministic thinking towards integrated and adaptive approaches.
Overall, the research contributes to both theory and practice by:
· Highlighting the importance of systems thinking in water management 
· Demonstrating the value of qualitative analytical methods 
· Providing practical recommendations for improving resilience 
The findings reinforce the need for water management strategies that are flexible, integrated, and capable of addressing uncertainty.
[bookmark: _Toc227584711]Limitations 
Despite its contributions, this study has several limitations that should be acknowledged.
Firstly, the research is based on secondary data. While this allows for a broad and comprehensive analysis, it limits access to detailed operational information. Some aspects of water system behaviour may therefore not be fully captured.
Secondly, the study adopts a qualitative approach. While this is appropriate for exploring complex systems and conceptual frameworks, it does not provide quantitative validation of the findings. As a result, conclusions are based on interpretation rather than precise measurement.
Thirdly, the reliance on existing literature introduces potential bias. Published studies may emphasise certain perspectives while underrepresenting others. This may influence the overall interpretation of the findings.
Finally, the focus on a single case context (Affinity Water) may limit the generalisability of the results. While the findings are relevant to similar water systems, they may not fully apply to different geographical or socio-economic contexts.
Future research could address these limitations by incorporating primary data collection, quantitative modelling, and comparative case studies across different regions.
[bookmark: _Toc227584712]Chapter Summary
This chapter has translated the analytical findings of the study into practical recommendations, provided a comprehensive conclusion, and critically reflected on the study’s limitations.
The research highlights that while current water management approaches are effective in certain areas, they must evolve to address increasing complexity and uncertainty. By integrating systems thinking, resilience frameworks, and improved data utilisation, water management can become more adaptive and robust.
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[bookmark: _Toc227584714]Reflection 
Writing this dissertation was a challenging experience, but it helped me understand both the topic and the research process much better. I can explain my learning using Kolb’s learning cycle, which includes experience, reflection, learning, and applying what has been learned.
The first stage is the experience. At the start of the dissertation, I didn’t fully understand how complex water systems are. I thought the topic would mainly focus on balancing supply and demand. However, as I worked through the research, especially when looking at Affinity Water, I realised that there are many different factors involved, such as climate change, demand, infrastructure, and environmental limits. This showed me that water management is more complicated than I first thought.
The second stage is reflection. During the process, I faced a few challenges. One of the main ones was changing my project direction. At first, I planned to develop a model, but after speaking with my supervisor, I understood that this was not realistic for my level. This made me rethink my approach and focus more on analysing existing research instead. Another challenge was language. As I am not a native English speaker, I sometimes found it difficult to understand academic articles and explain my ideas clearly. This made the process slower, but it also helped me improve my reading and writing over time.
The third stage is learning from the experience. Through this dissertation, I learned how to carry out research in a more structured way. I improved my ability to find relevant sources, group information into themes, and analyse different ideas. I also learned how to apply a framework, like Safe & SuRe, to a real-world case. Another important thing I learned was the importance of choosing a realistic aim and not trying to do something beyond my level. This helped me produce a stronger and more focused piece of work.
The final stage is applying what I have learned. In the future, I will plan my work more carefully and make sure my research approach matches what I am capable of doing. I will also continue working on my academic writing, especially making my ideas clear and easy to understand. If I were to do this again, I might try to include more methods, such as combining qualitative and quantitative approaches. I will also use the skills I developed, such as critical thinking and analysing information, in both my studies and future work.
Overall, this dissertation helped me improve my understanding of complex systems, develop my research skills, and become more confident when working with academic sources. Using Kolb’s learning cycle made it easier to see what I experienced, what I learned, and how I can use this in the future.
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but too simplified

< Climate change increases pressure

on supply and demand

< Resilience requires balance
between safety, reliability, and

sustainability

Research Questions
What are the strengths and limitations of
current approaches?
How can the Safe & SuRe framework
improve understanding of resilience?

Data Collection
Affinity Water reports (WRMP,
LTDS)

Government and policy documents

Environment Agency data

Academic journals
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