The geospatial web-based integrative analytical tool for the water-energy-food nexus (iWEF 1.0, https://www.iwef.app/)

BACKGROUND
[bookmark: _Hlk141880124]The latest version of the geospatial web-based integrative analytical tool for the water-energy-food nexus (iWEF 1.0, https://www.iwef.app/) uses six indicators for water, energy and food resource security, namely water availability, water productivity, energy accessibility, energy productivity, food self-sufficiency, and crop (e.g., cereal) productivity, all usually calculated per annum (Table 1).

Table 1: The six indicators in the iWEF tool (Mabhaudhi et al., 2019; Nhamo et al., 2020a; Taguta et al., 2023)
	Sector
	Indicator
	Definition
	Units

	Water
	Water availability
	Proportion of available freshwater resources (cubic metres) per capita (for each person)
	m3/capita

	
	Water productivity
	Economic output or benefit (dollars) per unit of water consumed (cubic metres)
	$/m3

	Energy
	Energy accessibility
	Proportion of the total population with access to electricity (percentage)
	%

	
	Energy productivity
	Economic output or benefit derived (dollars) from each unit of energy used (megajoules)
	$/MJ

	Food
	Food self-sufficiency
	Proportion of the total population who have sufficient food during the reference year (percentage)
	%

	
	Crop (e.g., cereal) productivity
	Proportion of sustainable agricultural production (kilograms) per unit area (hectare)
	kg/ha



The iWEF tool uses the Analytic Hierarchy Process (AHP) multi-criteria decision-making (MCDM) approach (Saaty, 1977; Saaty, 1987; Saaty, 1990; Saaty and Vargas, 2012) to establish quantitative relationships among WEF sectors to indicate resource utilisation, management and performance over time. As a result, decision-makers will be provided with evidence of WEF interconnections and highlights of priority areas for intervention. The key inputs in the iWEF tool are (i) stakeholders’ pairwise comparison matrices (PCMs) developed from their pairwise judgements of the six iWEF indicators, and (ii) boundary delineations for the case study areas (Taguta et al., 2023). To quantitatively assess the state of the WEF nexus, these six indicators are compared or ranked on their relative pairwise performance or importance against each other in a pairwise comparison matrix (PCM) by stakeholders (key expert or non-expert or both) based on the Saaty AHP and scale (Table 2), and sometimes supported by, if available, expert opinion, literature, or recognized databases (e.g., national statistics, World Bank, Aquastat) (Mabhaudhi et al., 2019; Nhamo et al., 2020a; Nhamo et al., 2020b).

Table 2: Saaty’s Analytic Hierarchy Process (AHP) scale of relative performance for pairwise comparisons/rankings (Saaty, 1977; Saaty, 1987)
	Intensity/rank of performance
	Definition

	1
	Equal performance

	2
	Weak performance

	3
	Moderate performance of one over another

	4
	Moderate plus performance

	5
	Essential or strong performance

	6
	Strong plus performance

	7
	Very strong or demonstrated performance

	8
	Very, very strong performance

	9
	Extreme or absolute performance

	Reciprocals (inverse) of above nonzero values
	Apply for the opposite of above-mentioned relationships



More information on the background and working principle of the iWEF tool, as well as the scaled categories of performance of the six WEF-related indicators and integrated WEF nexus composite index, is available in the background publications for the iWEF tool (Mabhaudhi et al., 2019; Nhamo et al., 2020a; Nhamo et al., 2020b; Taguta et al., 2023). You can follow the step-by-step procedures for using the iWEF tool in the iWEF user manual, and the tutorial (videos) on YouTube, the ONEPlanET Academy and the IHE Delft OpenCourseWare (OCW).  If you have any questions on the iWEF tool, send them through the Contact tab/webpage of the iWEF tool’s website.

REFERENCES
Mabhaudhi, T, Nhamo, L, Mpandeli, S, Nhemachena, C, Senzanje, A, Sobratee, N, Chivenge, PP, Slotow, R, Naidoo, D, Liphadzi, S and Modi, AT. 2019. The water–energy–food nexus as a tool to transform rural livelihoods and well-being in Southern Africa. International Journal of Environmental Research and Public Health 16 (16).
Nhamo, L, Mabhaudhi, T, Mpandeli, S, Dickens, C, Nhemachena, C, Senzanje, A, Naidoo, D, Liphadzi, S and Modi, AT. 2020a. An integrative analytical model for the water-energy-food nexus: South Africa case study. Environmental Science and Policy 109 15-24.
Nhamo, L, Ndlela, B, Mpandeli, S and Mabhaudhi, T. 2020b. The water-energy-food nexus as an adaptation strategy for achieving sustainable livelihoods at a local level. Sustainability (Switzerland) 12 (20): 1-16.
Saaty, RW. 1987. The analytic hierarchy process-what it is and how it is used. Mathematical Modelling 9 (3-5): 161-176.
Saaty, TL. 1977. A scaling method for priorities in hierarchical structures. Journal of Mathematical Psychology 15 (3): 234-281.
Saaty, TL. 1990. Eigenvector and logarithmic least squares. European Journal of Operational Research 48 (1): 156-160.
Saaty, TL and Vargas, LG. 2012. Models, Methods, Concepts & Applications of the Analytic Hierarchy Process. Springer, New York.
Taguta, C, Nhamo, L, Kiala, Z, Bangira, T, Dirwai, TL, Senzanje, A, Makurira, H, Jewitt, GPW, Mpandeli, S and Mabhaudhi, T. 2023. A geospatial web-based integrative analytical tool for the water-energy-food nexus: the iWEF 1.0. Frontiers in Water 5.

2 | Page

