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The water–energy–food (WEF) Nexus Index is a quantitative measure and representation of country-level WEF security

based on 21 water, energy, and food security indicators. The WEF nexus has emerged as a leading tool for assessing

integrated resource management strategies and for monitoring progress towards the WEF-related Sustainable

Development Goals. A notable outcome of WEF nexus research has been the calculation of the global WEF Nexus Index,

which provides a quantitative ranking of country-level WEF security for 170 nations.
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1. Introduction

Over the past decade, the water–energy–food (WEF) nexus has emerged as a leading tool for assessing integrated

resource management strategies and for monitoring progress towards the WEF-related Sustainable Development Goals

(SDGs 2, 6, and 7). The WEF nexus is a method of examining and evaluating WEF resources as a holistic,

interconnected system rather than three independent, disjointed sectors. A considerable body of scholarship now exists

on the WEF nexus , which has lent important insight into the inherent linkages and interdependencies that

exist between WEF systems . Between 2008–2019 alone, 396 papers were published on the WEF nexus, many of

which highlight the need for the multicentric treatment of WEF systems . A notable outcome of WEF nexus research has

been the calculation of the Global WEF Nexus Index. The WEF Nexus Index integrates data from 21 selected indicators

to determine a quantitative ranking of country-level WEF security. These rankings, which include 170 nations, are used to

assess national-level progress toward achieving the WEF-related SDGs .

2. The WEF Nexus Index

The WEF Nexus Index is a quantitative measure and representation of country-level WEF security based on 21 water,

energy, and food security indicators. These 21 indicators were determined following a global assessment of water, energy,

and food-related databases and were selected based on relevance, data availability, and reliability . Among the 21

indicators that were selected, 7 are used to measure water security, 6 represent energy security, and 8 are used to assess

food security (Table 1).

Water Indicators Energy Indicators Food Indicators

Water Access Energy Access Food Access

1. Percentage of people using at least
basic drinking water services.

8. Access to electricity (% of
population).

14. Prevalence of undernourishment
(%).

2. Percentage of people using at least
basic sanitation services.

9. Renewable energy consumption (%
of total energy consumption).

15. Percentage of children under 5
affected by wasting.

3. Degree of integrated water resource
management implementation.

10. Renewable electricity outputs (% of
electricity output).

16. Percentage of children under 5 who
are stunted.

 11. CO  emission per capita. 17. Prevalence of obesity in the adult
population (18 and older).

Water Availability Energy Availability Food Availability

4. Annual freshwater withdrawals. 12. Electric power consumption (kWh
per capita).

18. Average protein supply
(gr/caput/day).

5. Renewable internal freshwater
resource per capita.

13. Energy imports (net % of energy
use). 19. Cereal yield (kg/ha).
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Water Indicators Energy Indicators Food Indicators

6. Environmental flow requirements.  20. Average dietary energy supply
adequacy.

7. Average precipitation (mm/yr.).  21. Average value of food production
($/capita).

Table 1. Indicators used in the WEF Nexus Index .

The WEF Nexus Index was developed in accordance with the Joint Research Centre’s Competence Centre on Composite

Indicators and Scoreboards (JRC:COIN) . The analytical framework for the WEF Nexus Index consists of three equally

weighted sub-indexes, or “pillars”, each one representing a WEF sector. The equal weighting of each pillar reflects the

multicentric nature of the WEF nexus by ensuring that each resource sector has equal importance in the calculation of the

overall index . Within each WEF pillar are two equally weighted sub-pillars representing access and availability. The

access sub-pillar refers to equitable access to and distribution of WEF resources, whereas the availability sub-pillar

relates to the physical availability of the resource itself . Each sub-pillar then contains a subset of indicators

representing access to or availability of its corresponding WEF resource (Table 1).

To calculate WEF Nexus Index values, the indicator data were first normalized using the min–max method. Following this

method, the country i’s normalized value for indicator j would be calculated as

(1)

(1)

where the superscript obs indicates the observed value for country i and the superscripts max and min denote the

maximum and minimum values of indicator j among the sample. This procedure converts data to a uniform, unitless scale

from 0–100 so that it may be aggregated across indicators . Each sub-pillar (SP) is then calculated as the weighted

arithmetic average of its normalized indicator values,

(2)

(2)

where w  is the assigned weight of indicator j, n is the number of indicators within the sub-pillar, and the sum

of w  through w  for each sub-pillar is one. The WEF pillar scores are then calculated as the arithmetic average of their

underlying access and availability sub-pillars. For example, the water pillar (WP) for country i would be calculated as

(3)

(3)

The WEF Nexus Index (WNI) for the country i can then be calculated as the arithmetic average of its water pillar, energy

pillar (EP), and food pillar (FP) scores:

(4)

(4)

Based on these calculations, the WEF Nexus Index for Canada is 75.51 (out of 100), making it the fifth most WEF-secure

country (N = 170) . Canada’s water pillar value was calculated to be 68.50, which ranks 42nd globally. Canada scores

high for providing basic access to drinking water and safely managed sanitation services but had a relatively low score for

average annual precipitation. Canada’s energy pillar value was 84.81, which ranked it as being the 3rd most secure.

Canada’s high energy score is attributed to the universal access to electricity and being a net exporter rather than
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importer of energy. However, Canada’s energy score is negatively influenced by relatively low renewable energy

consumption and higher than average CO  emissions. Last, Canada’s food pillar was calculated to be 73.22, ranking it

13th worldwide. This score is attributed in part to Canada having a low prevalence of undernourishment and children less

than five years of age who are affected by wasting or stunting. However, this value is offset by high rates of obesity in the

adult population.

The WEF Nexus Index serves as a useful mechanism for policymakers to assess how well their respective countries are

meeting WEF security benchmarks, which WEF sectors are more or less secure, and how their scores compare to others,

either globally or in their respective regions. Table 2 shows the WEF Index and resource pillar scores for the top five

ranked nations.

Table 2. Top five ranked nations in the WEF Nexus Index .

Country Global Ranking Index Score Water Energy Food

Norway 1st 80.9 79.1 93 70.5

New Zealand 2nd 77.3 79.1 74.6 78.2

Sweden 3rd 76.9 78.2 82.3 70.1

Iceland 4th 76.6 79.4 93.2 57.2

Canada 5th 75.5 68.5 84.8 73.2
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