Supplementary Material

Appendix A: Computations in the Geospatial Web-based Integrative Analytical Tool
for the Water-Energy-Food Nexus (iWEF 1.0)

The computation module of iWEF performs three key tasks: (i) determining the consistency
of the input pairwise comparison matrix (PCM) of the WEF security indicators, (ii)
calculating and normalising the indices of WEF security indicators by the AHP-MCDM
technique, and (iii) calculating the integrated WEF nexus composite index.

Determining the consistency of the input pairwise comparison matrix (PCM)

Judgements and comparisons for the PCM are subjective in real life; it is difficult for the
WEF-related stakeholders to make perfectly consistent judgements, especially with multiple
criteria (e.g., indicators) and under uncertainty. In most cases, decision-makers tend to make
random judgments, resulting in a random matrix that is expected to be highly inconsistent.
Based on the AHP method, the iWEF model calculates the consistency ratio (CR), which
measures the randomness and consistency of the pairwise judgments by comparing the
consistency index (CI) to the randomness index (R/). The CR value is calculated as in Mu and
Pereyra-Rojas (2017):
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CR =
RI

(Equation 1)

where: CI is the consistency index, which measures the degree of inconsistency and
irrationality of judgements in PCMs, and RI is the randomness index, which is a measure of
how close the judgements of a PCM are to a random matrix, depending on the order n of the
matrix or the number of WEF security indicators, which is six (6) in the iWEF model. Saaty
and Vargas (2012).

Table: Average random consistency index (RI) (Saaty and Vargas, 2012)

N 1 2 3 4 5 6 7 8 9
Random

consistency 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45
index (RI)

If a stakeholder states that “water availability” performs better than “water productivity”, and
the latter performs better than “energy productivity”, their judgments become highly random
(high RI) and inconsistent (high CJ) if they mention that “energy productivity” performs
better than “water availability”.

Cl1 is calculated as follows:

I =mex"™  (Equation 2)
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where: Anax 18 the principal or maximum eigen-value estimated by averaging the value of the
consistency vector of the PCM, Cvj;, as in Mu and Pereyra-Rojas (2017):



Admx = Xi=1Cv;;  (Equation 3)

where: Cvj; is calculated by multiplying the pairwise comparison matrix (Cj) by the weights
vector and then dividing the weighted sum vector by the criterion weight () as in Teknomo
(2006), Bunruamkaew (2012), and Mu and Pereyra-Rojas (2017):

Cvij = 1 CijWij (Equation 4)

Based on the obtained CR value, the iWEF model then either accepts if CR < 0.1 (or 10%) or
rejects it if CR > (0.1 (Saaty and Vargas, 2012).

Calculation and normalisation of indices of WEF security indicators by the Analytical
Hierarchy Process Multi-Criteria Decision Making (AHP-MCDM) technique

If the PCM is consistent, i.e., CR < 0.1, the iWEF model proceeds to normalise the provided
PCM from which it calculates the normalised indices for each indicator and the overall
integrated WEF nexus composite index. The iWEF model computes the normalised indices
for the six indicators by taking the eigenvector corresponding to the largest eigenvalue of the
matrix and then normalising the sum of the components (Nhamo et al., 2020). The overall
importance of each indicator is then determined. The PCM of # criteria (in this case, 6
indicators of WEF security) is determined using Saaty’s scaling ratios in the order (n X n) (in
this case 6 X 6) (Saaty, 1990). As adopted from Saaty and Vargas (2012), 4 is a matrix with
elements a;; which is the decision maker’s preference of the i” criterion (e.g., water
availability) over the j criterion (e.g., water productivity). The matrix’s reciprocity is
expressed as:
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After generating this PCM of WEF security indicators, it is then normalised as a matrix B
with elements bj;, constructed by dividing each element of the PCM by its column sum and
expressed as in Saaty and Vargas (2012):
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Each weight value, i.e., normalised index w; in the matrix of normalised indices W, is
computed by averaging across the rows of B as in Saaty and Vargas (2012):

Zn 1 bln
W = Zn =1 ban I (Equation 7)
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where: Y-, w; =1

Calculation of the integrated WEF nexus composite index

The iWEF model determines the integrated WEF nexus composite index as a weighted
average of the normalised indices w;. In calculating the weighted average, i.e., the integrated
WEF nexus composite index, the weights are the integers 1-n (where n is the number of
indicators, in this case 6) and the lowest weight (1) is assigned to the smallest normalised
index, while the highest weight (6) is assigned to the largest normalised index. Thus, the
value of the integrated WEF nexus composite index ranges from zero (0.048, low) to one

(0.286, high).

Scale of performance classification categories for the integrated WEF nexus composite index

index

. Marginally | Moderately Highly
Scale of performance Unsustainable Sustainable | Sustainable | Sustainable
e O o e e | 0048<i< | 000B<i< | 046B<i< | 0227<i<
g p 0.107 0.167 0.226 0.286




Appendix B: Saaty’s Analytic Hierarchy Process (AHP) Scale of Relative Performance
for Pairwise Comparisons

Intensity 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 the above nonzero Apply for the opposite of the above-mentioned
values relationships
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