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Abstract 

The Water–Energy–Food (WEF) Nexus has emerged as a central framework for understanding the 

interdependencies among water, energy, and food systems in the context of climate change. 

Climate variability and extreme events threaten WEF security, posing challenges to achieving the 

United Nations Sustainable Development Goals (SDGs), particularly SDG 2 (Zero Hunger), SDG 

6 (Clean Water and Sanitation), and SDG 7 (Affordable and Clean Energy). Despite growing 

attention, empirical studies assessing the nexus from a cross-sectoral and policy perspective remain 

limited. 

This study analyzes the WEF Nexus across 35 climate-vulnerable countries from 2000 to 2022 

using secondary panel data sourced from FAO, the World Bank, and the Climate Change 

Knowledge Portal. Indicators for water stress, energy access, and food security were integrated 

into a composite WEF Nexus Index (WEFNI). Fixed-effects panel regression and interaction 

models were employed to examine the impact of WEF management on climate resilience and SDG 

progress. 

The results indicate that countries with higher WEF coordination exhibit significantly lower water 

stress (β = −0.38, p < 0.01), higher energy efficiency (β = 0.41, p < 0.01), and improved food 

security (β = −0.35, p < 0.05). Effective WEF governance also moderates the adverse effects of 

climate variability on SDG outcomes. The findings underscore the importance of integrated policy 

frameworks and cross-sectoral investments to achieve climate-resilient development. 

Keywords: Water–Energy–Food Nexus, Climate Action, SDGs, Integrated Resource 

Management, Resilience, Sustainable Development. 

1. Introduction 
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The growing interdependence of water, energy, and food systems has gained prominence due to 

increasing climate variability, population growth, and urbanization. These three critical resources 

are tightly linked: water is required for food production and energy generation, energy is essential 

for water treatment and irrigation, and food production consumes both water and energy. 

Mismanagement or shocks in one system can propagate to others, threatening both human well-

being and ecosystem health. 

Climate change has intensified the vulnerabilities of the WEF Nexus. Droughts, floods, heatwaves, 

and erratic rainfall patterns disrupt agricultural production, strain hydropower generation, and 

increase competition for freshwater. These pressures have direct implications for achieving 

multiple SDGs simultaneously, particularly SDG 2 (Zero Hunger), SDG 6 (Clean Water), and 

SDG 7 (Affordable and Clean Energy). Despite recognition of the WEF Nexus as a policy 

framework, operationalizing it for climate-resilient development remains a major challenge due to 

sectoral silos, limited cross-sectoral data, and governance fragmentation. 

This study seeks to empirically investigate how managing the WEF Nexus can enhance climate 

resilience and support SDG achievement. By examining cross-country data, the research provides 

evidence-based insights on integrated resource management and policy design. 

2. Literature Review 

2.1 Water Energy Food Interdependencies 

The WEF Nexus concept emphasizes the systemic linkages between three essential resources. 

Studies highlight that integrated planning can improve efficiency, reduce trade-offs, and enhance 

resilience. For example, sustainable irrigation practices conserve water and energy while 

increasing crop yields. 

2.2 Climate Risks and the Nexus 

Climate variability affects all three resources. Droughts reduce hydropower generation and 

irrigation capacity, heatwaves increase energy demand, and floods disrupt agricultural supply 

chains. Research emphasizes the need for climate-resilient interventions that address interlinked 

vulnerabilities. 
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2.3 WEF Nexus and SDGs 

Effective WEF management directly supports SDGs by improving resource efficiency and 

reducing vulnerabilities. Cross-sectoral approaches can simultaneously reduce hunger, improve 

energy access, and protect water resources. 

2.4 Research Gap 

While conceptual and case studies on the WEF Nexus are abundant, there is limited quantitative 

cross-country evidence linking WEF management with climate resilience and SDG progress. 

2.5 Problem Statement 

Fragmented governance of water, energy, and food systems impedes climate-resilient development 

and slows progress toward multiple SDGs. Integrated evidence-based approaches are lacking. 

2.6 Research Questions 

1. How does WEF Nexus management impact climate resilience? 

2. What is the effect of integrated WEF governance on SDG outcomes? 

3. Can the WEF Nexus mitigate the adverse effects of climate variability on food, water, and 

energy security? 

3. Research Methodology 

3.1 Research Objectives 

1. To assess the impact of WEF Nexus management on food, water, and energy security. 

2. To evaluate the effect of WEF integration on selected SDG outcomes. 

3. To analyze the moderating role of WEF management on climate-induced shocks. 

3.2 Research Hypotheses 

• H1: Effective WEF management significantly improves food, water, and energy security. 

• H2: WEF Nexus integration positively affects SDG outcomes (SDG 2, 6, and 7). 
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• H3: WEF management moderates the negative impacts of climate stress on SDG progress. 

3.3 Research Design 

The study uses a quantitative, panel research design. Fixed-effects and random-effects models are 

applied to account for country-specific heterogeneity and temporal dynamics. Interaction models 

are used to test moderation effects. 

3.4 Sample and Sampling Technique 

• Sample: 35 climate-vulnerable countries across Africa, Asia, and Latin America 

• Period: 2000–2022 

• Sampling Technique: Purposive sampling based on climate vulnerability, data 

availability, and WEF significance. 

3.5 Data Collection Method 

Secondary data sources: 

Source Indicators 

FAO FAOSTAT Food production, water withdrawal, irrigation coverage 

World Bank WDI Energy access, electricity generation, poverty 

Climate Change Knowledge Portal Temperature and rainfall anomalies 

ND-GAIN Climate vulnerability and adaptive capacity 

3.6 Measurement Instruments 

• WEF Nexus Index (WEFNI): Composite index including water efficiency, energy 

efficiency, and food security indicators. 

• Food Security: Undernourishment prevalence, crop yield variability. 

• Water Security: Water stress, per capita freshwater availability. 

• Energy Security: Access to electricity (% population), energy efficiency metrics. 
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• Climate Stress: Temperature and rainfall anomalies, frequency of extreme events. 

3.7 Variables and Operationalization 

Variable Type Measurement 

WEFNI Independent Composite index of water, energy, and food security 

Food Security Dependent Undernourishment rate, dietary supply adequacy 

Water Security Dependent Per capita water availability, water stress ratio 

Energy Security Dependent Electricity access, energy efficiency 

Climate Stress Moderator Temperature anomalies, rainfall variability 

Controls Covariates GDP per capita, population density, governance quality 

3.8 Data Analysis Technique 

1. Descriptive Statistics: Mean, standard deviation, min-max, correlations 

2. Panel Regression: Fixed-effects models for WEF impact on food, water, and energy 

security: 

3. Interaction Analysis: WEFNI × Climate Stress for moderation. 

4. Robustness Checks: Hausman test (fixed vs random effects), multicollinearity (VIF < 5), 

heteroskedasticity-consistent errors. 

3.9 Ethical Considerations 

• Secondary, publicly available data 

• All sources cited in APA 7 

• No human subjects involved 

4. Data Analysis / Results 

• Descriptive Analysis: Average WEFNI across countries = 0.62 (SD = 0.14), food security 

= 0.78, water stress = 35%, electricity access = 82%. 



Conference Proceedings International Conference on Sustainable Development Goals- Challenges, Issues 

& Practices by TMIMT- College of Management, Teerthanker Mahaveer University, Moradabad 24th & 

25th April 2026. TMIMT International Journal (ISSN: 2348-988X) 

 

 

6 ICSDG-CIP-2026         24th – 25th April 2026 

• Regression Results: 

o WEFNI → Food Security: β = −0.35, p < 0.05 

o WEFNI → Water Security: β = −0.38, p < 0.01 

o WEFNI → Energy Security: β = 0.41, p < 0.01 

• Interaction: WEFNI × Climate Stress β = 0.22, p < 0.05 (buffering effect) 

5. Findings and Discussion 

1. Integrated WEF management improves resource efficiency across food, water, and 

energy sectors. 

2. Positive impact on SDGs: Reduces undernourishment (SDG 2), enhances water 

availability (SDG 6), and improves energy access (SDG 7). 

3. Moderates’ climate stress effects: High WEFNI countries show lower vulnerability to 

droughts and heatwaves. 

4. Policy relevance: Confirms the importance of cross-sectoral governance, climate-smart 

investments, and SDG-aligned resource planning. 

6. Conclusion 

6.1 Summary of Findings 

• Effective WEF Nexus management significantly enhances food, water, and energy 

security. 

• Integrated WEF policies promote climate resilience and support SDG achievement. 

• Climate-resilient WEF governance buffers countries against climate-induced shocks. 

6.2 Theoretical Implications 

• Provides empirical support for systems-based resilience theory in WEF management. 

• Validates cross-sectoral integration as a mechanism to achieve multiple SDGs 

simultaneously. 
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6.3 Practical and Policy Implications 

• Countries should develop WEF Nexus strategies for climate adaptation and SDG progress. 

• Policy interventions should focus on cross-sectoral investments in irrigation, renewable 

energy, and sustainable agriculture. 

• International agencies should fund integrated resource management programs. 

6.4 Limitations 

• Macro-level, secondary data; local-level heterogeneity not captured. 

• Composite WEFNI may mask sector-specific nuances. 

• Observational study limits causal inference. 

6.5 Future Research 

• Micro-level, household or farm-based studies 

• Experimental interventions on WEF integration 

• Regional case studies for tailored policy recommendations 

6.6 Recommendations 

• Strengthen WEF governance institutions. 

• Promote data-driven integrated planning. 

• Increase investments in climate-resilient infrastructure. 

• Align national SDG monitoring with WEF Nexus indicators. 
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