Pre-winter school assignment: Integrating stakeholder perspectives and quantitative data for modelling the water-energy-food (WEF) nexus with iWEF model (https://www.iwef.app/)

Background
[bookmark: _Hlk141880124]Water, energy and food resources security indicators focus on drivers / pillars / dimensions such as availability, accessibility, productivity, affordability, sufficiency, stability, safety, reliability, and type. The latest version of the web-based and GIS-enabled integrative water-energy-food nexus analytical modelling tool (iWEF, 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 cereal (crop) productivity.
Water availability is the amount of available freshwater resources per person (m3/capita). Water productivity is the quantity of crops (e.g., biophysical, economic) produced per unit of water used ($/m3). Energy accessibility is the proportion of the population with access to electricity (% of the total population). Energy productivity is the amount of economic output per unit of energy supplied to the economy (GDP$/MJ). Food self-sufficiency is the proportion of the population who have not experienced food insecurity at moderate or severe levels during the reference year (% of the total population). Cereal productivity is the proportion of sustainable agricultural production per unit area (in this case, cereal yield kg/ha). 
The iWEF model 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 nexus sectors to indicate resource utilisation and performance over time. As a result, decision-makers will be provided with evidence of a WEF nexus and priority areas for intervention. The iWEF holistically evaluates synergies and trade-offs to improve efficiency and productivity in resource use and management for sustainable development in order to facilitate WEF nexus performance assessment, monitoring and evaluation.
Detailed background information on the current version of the iWEF model (https://www.iwef.app/) is freely available:
Taguta, C, Nhamo, L, Kiala, Z, Bangira, T, Dirwai, TL, Senzanje, A, Makurira, H, Jewitt, GPW, Mpandeli, S and Mabhaudhi, T. 2023b. A geospatial web-based integrative analytical tool for the water-energy-food nexus: the iWEF 1.0. Frontiers in Water 5. https://doi.org/10.3389/frwa.2023.1305373
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. https://doi.org/10.1016/j.envsci.2020.04.010
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). https://doi.org/10.3390/ijerph16162970
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. https://doi.org/10.3390/su12208582
Nhamo, L and Ndlela, B. 2021. Nexus planning as a pathway towards sustainable environmental and human health post Covid-19. Environmental Research 192 110376. https://doi.org/10.1016/j.envres.2020.110376
Taguta, C, Kiala, Z, Bangira, T, Nhamo, L, Senzanje, A and Mabhaudhi, T. 2023a. Tutorial for iWEF modeling tool. YouTube. https://www.youtube.com/watch?v=Q05BxjRUYi4
Taguta, C, Kiala, Z, Bangira, T, Nhamo, L, Senzanje, A and Tafadzwanashe, M. 2022. iWEF 1.0: a web-based and GIS-enabled integrative water-energy-food (WEF) nexus analytical model: User manual. Centre for Transformative Agriculture and Food Systems (CTAFS), University of KwaZulu-Natal, Pietermaritzburg. https://www.iwef.app/static/dashboard/images/manual.pdf

Assignment tasks 
This assignment consists of three complementary tasks that are meant to prepare you for the iWEF sessions. Submit the assignment with your Name and Surname (label the files as “iWEF Assignment 2024_Name-Surname”) on the OCW platform by 30th of January 2024 at 23:59 (CET Time).
1. Choose a country case study that you are well familiar with, such as your country (or state) of origin or where you are currently living/working/studying from. Secure a shapefile for your chosen case study, preferably in .geojson or .shp format.

2.  Use the scale provided below to pairwise rank the performance of the six indicators for your chosen case study in Table 1. Refer to the “Background” section above for the definitions of the six indicators.
Scale of ranks or weights: 1 = equal performance; 3 = moderate performance of the first indicator over the second indicator; 5 = essential or strong performance of the first indicator over the second indicator; 7 = very strong or demonstrated performance of the first indicator over the second indicator; 9 = extreme or absolute performance the first indicator over the second indicator.
E.g., if you think that indicator “Water availability” moderately outperforms indicator “Water productivity”, enter the indicator “Water availability” in the second column and the rank/weight “3” in the third column of the table. In the fourth column, write a brief justification/explanation for the assigned relative performance of indicators, i.e., rank/weight.

Table 1: Pairwise comparison matrix
	Indicator pair
	Better performing indicator
	Rank/weight
	Justification

	[bookmark: _Hlk156210359]Water availability (WA) vs. Water productivity (WP)
	
	
	

	Water availability (WA) vs. Energy accessibility (EA)
	
	
	

	Water availability (WA) vs. Energy productivity (EP)
	
	
	

	Water availability (WA) vs. Food self-sufficiency (FSF)
	
	
	

	Water availability (WA) vs. Cereal productivity (CP)
	
	
	

	Water productivity (WP) vs. Energy accessibility (EA)
	
	
	

	Water productivity (WP) vs. Energy productivity (EP)
	
	
	

	Water productivity (WP) vs. Food self-sufficiency (FSF)
	
	
	

	Water productivity (WP) vs. Cereal productivity (CP)
	
	
	

	Energy accessibility (EA) vs. Energy productivity (EP)
	
	
	

	Energy accessibility (EA) vs. Food self-sufficiency (FSF)
	
	
	

	Energy accessibility (EA) vs. Cereal productivity (CP)
	
	
	

	Energy productivity (EP) vs. Food self-sufficiency (FSF)
	
	
	

	Energy productivity (EP) vs. Cereal productivity (CP)
	
	
	

	Food self-sufficiency (FSF) vs. Cereal productivity (CP)
	
	
	



3. Collect data on for the quantitative values of the six iWEF indicators and present them in the following table. Refer to the “Background” section above for the definitions of the six indicators.
Table 2: Quantitative values of WEF indicators
	Indicator
	Value
	Source

	Water availability (m3/capita).
	
	

	Water productivity ($/m3)
	
	

	Energy accessibility (% of the total population)
	
	

	Energy productivity (GDP$/MJ)
	
	

	Food self-sufficiency (% of the total population)
	
	

	Cereal productivity (kg/ha)
	
	



References
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.
[bookmark: _GoBack]Saaty, TL and Vargas, LG. 2012. Models, Methods, Concepts & Applications of the Analytic Hierarchy Process. Springer, New York.

2 | Page

