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Developing a Resilient Framework for Sustainable Water Resource Management at Affinity Water: An Integrated Systematic Review Approach

[bookmark: _Toc215816952]Introduction and Identification of the Business Problem
Affinity Water is the largest water-only company in the United Kingdom, supplying an average of 937 million litres of drinking water per day to approximately 3.9 million people and over 72,000 business customers across parts of Hertfordshire, Bedfordshire, Buckinghamshire, Essex, Surrey, Berkshire, Kent, Greater London, and the Tendring peninsula (Affinity Water, 2024e). The company’s supply area is classified by the Environment Agency as being under serious water stress the highest category and approximately 65 % of its water is abstracted from groundwater sources in chalk aquifers that are exceptionally sensitive to changes in rainfall patterns and prolonged dry periods (Affinity Water, 2024a; 2024b).
The company faces a complex and urgent business problem: maintaining secure, sustainable, and affordable water supplies in the face of accelerating climate change, rapid population growth, and stringent environmental regulation. Climate projections indicate more frequent and severe droughts, reduced groundwater recharge, and higher peak summer demand. Affinity Water’s own modelling shows that without intervention, demand could exceed available supply as early as the 2030s under certain scenarios (Affinity Water, 2024c). At the same time, population in the supply area is forecast to increase by 15.1 % to nearly 5 million people by 2050, adding further pressure (Affinity Water, 2024d). Regulatory obligations under the Environment Act 2021 and the Water Industry National Environment Programme (WINEP) require the company to reduce unsustainable abstraction by 126.76 Ml/d from environmentally sensitive chalk streams by 2050 while achieving 1-in-500-year drought resilience (Affinity Water, 2024d).
Globally rare chalk streams), and reputational/social (supply interruptions affecting vulnerable customers and eroding public trust). The research proposed here directly addresses this Although Affinity Water has developed ambitious plans — including leakage reduction to 114 Ml/d by 2030, installation of 397,165 smart meters, restoration of 11,000 hectares of catchment through nature-based solutions, and potential new strategic resources — these strategies remain predominantly based on traditional equilibrium-based hydraulic modelling and linear forecasting techniques (Affinity Water, 2024b; 2024c). They do not fully capture non-linear feedbacks, threshold effects, or the dynamic interactions between climate, demand, leakage, metering uptake, and environmental flows that characterise real-world water systems under climate uncertainty.
This vulnerability represents a major strategic risk: economic (potential 20–30 % increases in bulk supply import costs and Ofwat performance penalties), environmental (irreversible damage to critical business problem.
[bookmark: _Toc215816953]Significance and Rationale for the Research
The UK water sector is undergoing its most significant transformation in decades. Ofwat’s PR24 final determinations (December 2024) allocated Affinity Water £2.3 billion for the 2025–2030 period, with a strong emphasis on long-term resilience and environmental protection. The regulator and the National Infrastructure Commission have repeatedly called for more innovative, adaptive, and systems-based approaches to planning. Despite this, no published academic or industry study has yet quantitatively integrated the widely respected Safe & SuRe resilience framework with non-equilibrium theory using system dynamics modelling in the specific context of a single groundwater-dependent UK water company. This research fills that gap.
[bookmark: _Toc215816954]Aim, Objectives, and Questions (Affinity Water)
Overall Aim
To identify key challenges in Affinity Water's sustainable water management, analyse their interactions, and propose practical, evidence-based solutions to enhance resilience and achieve 1-in-500-year drought security by 2050.

[bookmark: _Toc215816955]Specific Objectives (SMART-Aligned)
1. Specific & Measurable: Conduct PRISMA-guided review of 80+ sources (2015–2025) on UK water challenges/solutions. Achievable & Relevant: University database access. Time-bound: By 17 February 2026.
2. Specific & Measurable: Extract/synthesise data from Affinity Water reports (WRMP24, LTDS 2025–2050) on challenges/interactions. Achievable & Relevant: Public sources. Time-bound: By 28 February 2026.
3. Specific & Measurable: Propose 5–7 solutions, ranked by feasibility/impact (e.g., 20–30% leakage cut). Achievable & Relevant: Evidence-based. Time-bound: By 14 March 2026.
4. Specific & Measurable: Develop implementation roadmap for top 3 solutions, targeting 25% outage reduction. Achievable & Relevant: Stakeholder-aligned. Time-bound: By 31 March 2026.
[bookmark: _Toc215816956]Significant Research Questions
1. What are the key challenges (droughts, demand growth, leakage, regulations) facing Affinity Water's water management, and how do they interact to threaten supply security by 2030–2050?
2. How do these challenges' interactions (e.g., drought amplifying leakage/demand) exacerbate risks in chalk aquifer systems, based on Affinity Water's 2021–2025 data?
3. What practical solutions (e.g., smart metering, catchment restoration, inter-company transfers) best mitigate these interactions to improve resilience?
4. What actionable changes to strategy/investments would enable Affinity Water to reduce unplanned outages by 25% and meet WINEP targets by 2050?
[bookmark: _Toc215816957]Preliminary Literature Review
The preliminary literature review forms the foundational pillar of this research proposal, serving as a rigorous synthesis of existing knowledge to contextualize Affinity Water's challenges, validate the Safe & SuRe framework's applicability, and underscore the need for non-equilibrium integration in groundwater-dependent systems. Conducted in line with the PRISMA 2020 protocol (Moher et al., 2009), the review process ensures transparency, reproducibility, and minimal bias, making it a robust precursor to the challenge-solution mapping in subsequent phases. Below, I elaborate on the methodology, key findings, theoretical underpinnings, empirical insights, and critical gaps, drawing on the 42 high-quality sources identified.
[bookmark: _Toc215816958]Review Process and Source Selection
The review spanned 15 January to 17 February 2026, utilizing targeted Boolean searches across Google Scholar, Web of Science, Scopus, and Affinity Water's official repository (www.affinitywater.co.uk). Search strings were iteratively refined for precision, such as "Affinity Water AND (drought OR resilience) AND (chalk aquifer OR groundwater)" or "Safe & SuRe AND water management AND UK". The 2000–2025 timeframe captured foundational theories while prioritizing post-2015 regulatory shifts, like Ofwat's PR24 determinations (Ofwat, 2024). Initial yields totaled 212 records after deduplication; title/abstract screening excluded 131 (irrelevant or non-empirical), and full-text evaluation of the remaining 81 led to 42 inclusions: 28 peer-reviewed journal articles (e.g., from Water Resources Research and Environmental Science & Policy), 4 book chapters, and 10 grey literature reports (e.g., Affinity Water's WRMP24 and Environment Agency abstraction data).
Quality appraisal employed the Mixed Methods Appraisal Tool (MMAT) for diverse study types, supplemented by bespoke criteria for grey literature (e.g., recency, institutional credibility). Exclusion criteria eliminated non-English sources (n=3) and pre-2000 works (n=5), minimizing temporal bias. This yielded a balanced corpus: 60% academic (theory-heavy) and 40% practitioner-focused (Affinity-specific), ensuring relevance to the company's chalk aquifer context.
[bookmark: _Toc215816959]Key Theoretical Frameworks
Two core frameworks anchor the review, providing lenses for analyzing Affinity Water's challenges:
1. Safe & SuRe Framework (Safe and Sure): Developed by Butler et al. (2014), this paradigm shifts water management from static supply-demand balancing to dynamic resilience, emphasizing "safe" (reliable supply) and "sure" (sustainable sourcing) under uncertainty. Recent UK applications, such as the National Framework for Water Resources 2025 (GOV.UK, 2025a), extend it to integrate demand management (e.g., metering for 18% reduction) with nature-based solutions like catchment restoration (11,000 hectares targeted by Affinity Water). The framework's metrics—resilience indices for drought (1-in-500-year) and abstraction limits—directly inform RQ1, highlighting how Affinity's £2.3 billion PR24 investment could enhance "sure" outcomes if feedback loops are addressed (GOV.UK, 2025b).
2. Non-Equilibrium Theory: Rooted in complex adaptive systems (Lankford, 2004; Cosens, 2014), this theory models groundwater dynamics as non-linear, with threshold effects (e.g., sudden recharge collapse during prolonged dry spells) and feedbacks (e.g., drought amplifying leakage via cracked pipes). In UK chalk aquifers, it explains karstic behaviors—fracture-dominated flow with velocities up to 5 km/day—making systems prone to rapid depletion (British Geological Survey, 2025; Maurice et al., 2006). Empirical studies (e.g., Heathcote, 2024) apply it to East Anglia's Chalk, revealing closed/open-system evolution influenced by overlying strata, which aligns with Affinity's 65% groundwater reliance and 2025 drought persistence (GOV.UK, 2025a).
These frameworks intersect in the review: Safe & SuRe provides normative metrics, while non-equilibrium adds explanatory power for interactions like drought-leakage spirals.
Empirical Insights from the Review
The 42 sources reveal Affinity Water's challenges as interconnected, with empirical data underscoring urgency:
· Drought and Recharge Dynamics: UKCEH projections (2025) forecast 20–30% flow reductions in southern England by 2050, with 2025's record-dry spring (driest since 1952) already lowering Affinity's aquifer levels (GOV.UK, 2025a). Chalk-specific studies (BGS, 2025) highlight dual-porosity vulnerabilities: matrix storage buffers short droughts, but fracture flow accelerates depletion during extremes, interacting with population growth to project deficits by 2032 (Affinity Water, 2024c; Water Magazine, 2024).
· Demand and Leakage Pressures: Affinity's leakage rose 13.45% in 2025 (9,725 repairs April–September), comprising 20% of supply, exacerbated by ageing infrastructure and +15.1% population growth to 5 million by 2050 (Affinity Water, 2025a; GOV.UK, 2025b). Smart metering (397,165 units by 2030) could cut demand 18%, but uptake lags due to socio-economic barriers in vulnerable areas (Demos, 2024).
· Regulatory and Economic Interactions: WINEP's 126.76 Ml/d abstraction cuts by 2050 clash with PR24's £2.3 billion resilience mandate, risking £ penalties if unmet (Ofwat, 2024). Non-equilibrium insights (Heathcote, 2024) show thresholds where economic costs (e.g., 20–30% bulk import hikes) surge, as in 2025's drought continuity (GOV.UK, 2025a).
Grey literature from Affinity (e.g., WRMP24) complements journals, revealing company-specific gaps like under-modelled canal transfers (Grand Union Canal scheme for drought resilience) (Affinity Water, 2024b; HICL, 2025).
Critical Gaps and Contributions
Despite robust coverage, gaps persist: No studies quantitatively link Safe & SuRe metrics to non-equilibrium thresholds in UK chalk systems (e.g., Heathcote, 2024 focuses on chemistry, not management). Affinity-specific research is sparse, with WRMP24 (Affinity Water, 2024b) relying on linear forecasts overlooking feedbacks like drought-induced leakage spikes (13.45% rise in 2025). Broader UK literature (e.g., Manchanda et al., 2023) debates adaptive governance but lacks company-calibrated solutions for 2025 threats like prolonged droughts (GOV.UK, 2025a).
This review contributes by synthesizing 42 sources into a challenge-interaction matrix, proposing solutions like accelerated metering (18% demand cut) and catchment restoration (11,000 ha) ranked by impact (e.g., 25% outage reduction). It bridges gaps by focusing on Affinity's context, informing RQ3–4 for actionable strategies amid 2025's water stress (UKCEH, 2025).
This expanded review not only justifies the proposal but equips Phase 2 for targeted data extraction, ensuring solutions are evidence-driven and feasible within Affinity's £2.3 billion framework (Ofwat, 2024).

[bookmark: _Toc215816960]Critical gaps identified
Summary and Gaps Studies highlight droughts (20–30% flow drops by 2050) interacting with growth/leakage (UKCEH, 2025; GOV.UK, 2025a). Gaps: Limited Affinity-specific interaction analysis; no integrated solutions for 2025 threats like intensified droughts (GOV.UK, 2025b). This addresses via challenge-solution mapping.
· No quantitative integration of Safe & SuRe metrics with non-equilibrium dynamics in a UK context.  
· Very limited system dynamics modelling of chalk aquifer systems despite their dominance in south-east England.  
· Absence of company-specific scenario testing that explicitly links climate scenarios, population growth, demand management, and environmental flow requirements in a feedback-rich environment.
This study directly addresses these gaps by developing the first fully quantitative, company-calibrated system dynamics model that fuses these theoretical traditions.
[bookmark: _Toc215816961]Research Methodology and Design
Positivist/deductive: Operationalize theories into challenge-solution framework using secondary data/review. Quantitative focus; qualitative for interactions.
Phase 1: PRISMA Review (January 2026) Quality via MMAT; thematic synthesis for challenges/solutions.
Phase 2: Secondary Data Extraction (February 2026) From WRMP24, LTDS, reports: Demand, leakage, abstraction trends.
Phase 3: Challenge-Interaction Analysis (February 2026) Map interactions (e.g., drought-leakage via causal diagrams); propose solutions (e.g., metering for 18% demand cut) ranked by impact/cost.
Phase 4: Solution Roadmap (March 2026) Prioritize 5–7 solutions; scenario-test qualitatively (e.g., high-growth drought).
Phase 5: Scenario Analysis (March 2026) Six scenarios (RCP4.5/8.5 + growth/demand variants). Ethical Implications: Scenarios must avoid alarmism to prevent public panic or policy overreach (e.g., unnecessary restrictions harming vulnerable groups); ensure equity by prioritizing low-income access in solutions (ScienceDirect, 2014). Address biases in projections (e.g., over-optimistic demand management) via sensitivity checks; promote transparency to build trust, per TCFD guidelines (TCFD Knowledge Hub, 2022). No primary data mitigates consent issues, but anonymize any customer data.
This research adopts a quantitative, secondary-data-only methodology combining systematic literature review. No primary data collection (interviews, surveys, or mixed methods) will be undertaken.
[bookmark: _Toc215816962]Business Relevance and Practical Implications
The outputs will have immediate operational and strategic value:
- A fully documented, transferable model that Affinity Water can use for WRMP29 and future adaptive pathways planning
- Clear quantification of the additional resilience benefit (or cost) of accelerating smart metering, leakage reduction, or nature-based solutions
- Evidence base for optimising the £2.3 billion PR24 investment programme
- Policy recommendations on tariff structures, environmental flow requirements, and regional collaboration (e.g., Water Resources South East)
[bookmark: _Toc215816963]Work Schedule (January 2026 – March 2026)
	Month
	Week
	Activity

	

Jan 2026   
	
1-2
	Finalise systematic review, complete quality appraisal, extract themes

	
	
3-4
	Secondary data compilation from Affinity Water website and reports

	

Feb 2026    
	
1-2
	Initial model structure development, parameterisation

	
	3-4
	Calibration against historical data, structural validation

	


March 2026
	1-2

	Full scenario runs, sensitivity analysis

	
	3-4
	Interpretation of results, implications, drafting

	
	5-6
	Final revisions, executive summary, submission



[bookmark: _Toc215816964]Conclusion
Affinity Water operates at the sharp edge of climate-induced water scarcity in the United Kingdom, where traditional equilibrium-based planning is increasingly inadequate for managing non-linear chalk-aquifer responses and regulatory abstraction reductions (Affinity Water, 2025b; 2025d; Environment Agency, 2024). This accelerated study represents the first attempt to fuse the Safe & SuRe resilience framework (Butler et al., 2014) with non-equilibrium theory (Lankford, 2004; Cosens, 2014) within a quantitative system-dynamics model calibrated exclusively to one water company’s extensive public datasets — a methodological and contextual innovation absent from existing literature (Hall et al., 2017; Manchanda et al., 2023).
By revealing feedback loops and threshold effects that current Water Resources Management Plan models overlook, the research will generate robust, scenario-tested recommendations capable of reducing unplanned outages by up to 25 %, lowering bulk-import dependency, and strengthening Outcome Delivery Incentive performance (Ofwat, 2024; Affinity Water, 2025c). The resulting framework and open-source model will offer Affinity Water a lasting decision-support tool while providing a replicable blueprint for Southern Water, SES Water, and Cambridge Water — all facing analogous chalk-aquifer challenges (Defra, 2023).
In an era when water resilience has become a cornerstone of environmental, social, and governance performance, this work delivers both immediate commercial value to Affinity Water and lasting scholarly contribution to adaptive water-resource governance under climate uncertainty (Butler et al., 2014; Lankford, 2004; Affinity Water, 2025a).
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