
Science Talks 8 (2023) 100271

Contents lists available at ScienceDirect

Science Talks

j ourna l homepage: www.e lsev ie r .es /scta lk
Water Shortage Risk Index (WSRI) at the neighbourhood scale. The case of
Mexico City
Armando Cepeda Guedea a,⁎, Carmelina Bevilacqua b

a Università degli Studi Mediterranea, 89100 Reggio Calabria, Italy
b Sapienza Università di Roma, 00196 Rome, RM, Italy
⁎ Corresponding author.
E-mail address: armando.cepeda@unirc.it (A. Cepeda Gu

http://dx.doi.org/10.1016/j.sctalk.2023.100271
Received 10 August 2023; Received in revised form 4
2772-5693/© 2023 The Authors. Published by Elsevi
A B S T R A C T
A R T I C L E I N F O
Keywords:
Water shortage
Neighbourhood scale
Mexico City
Distance method
Urban marginalization
Water security is one of themain challenges that cities around the world face especially in Megalopolis such as Mexico
City that struggle to provide safe and accessible fresh water to their inhabitants. The research project presents a Water
Shortage Risk Index at the neighbourhood scale for Mexico City. The index is built into four main factors which are
social, infrastructure, environment and innovation each of them with their respective levels. Each neighbourhood is
compared to a synthetic neighbourhood that holds the ideal values for water security in urban contexts. The bigger
the distance to the ideal synthetic neighbourhood the bigger the risk of water shortage in the neighbourhood. Once
obtained theWater Shortage Risk Index it is comparedwith the already existingUrbanMarginalization Index to obtain
themost vulnerable neighbourhoods inMexico City providing the areas that require themost attention in futurewater
security projects and policies. The research aims to contribute to further exploring water shortage management at the
neighbourhood scale that will allow local governments to implement more efficient projects and policies to reduce
water shortage risk in Mexico City.
Video to this article can be found online at https://doi.org/10.1016/j.
sctalk.2023.100271.
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Table 3
Ideal values for water security in urban contexts for Mexico City.

Level Ideal value

Population density 15,000 inhabitants per km2
Daily water consumption 150 Litres per day
Industrial units 0
Monthly income 5000–7000 USD
Reported pipe leaks 0
% People without water service 0
Bulk water delivery 0
Reported potable water contamination 0
Drought risk 5 (no concern)
Rainwater collection units 0.25 per inhabitant

Table 1
The main drivers for water shortage identified for Mexico City and the typology they are associated.

Drivers Typology of Water Shortage

1. Climate Change
2. Droughts
3. Overexploitation of water sources

Availability

1. Pollution of water sources
2. Poor quality of recycled water

Quality

1. Overwhelmed infrastructure
2. Marginal areas without water infrastructure

Accessibility

Table 2
Identified factors associated with water shortage in Mexico City with their respective levels.

Factor Level Literature support

Social Population density Maria José de Sousa Cordao et al. [3]
Daily water consumption Maria José de Sousa Cordao et al. (2020), Field work [4]
Industrial units Walker et al. [1], Field work (2022)
Monthly income Maria José de Sousa Cordao et al. (2020)

Infrastructure Reported pipe leaks Maria José de Sousa Cordao et al. (2020)
% People without water service INEGI [5], Fieldwork (2020), OECD [2]
Bulk water delivery INEGI (2020), Fieldwork (2020)

Enviroment Reported potable water contamination Walker et al. [1], OECD [2], L.S Pereira et al. [6]
Drought risk Walker et al. [1], OECD [2], L.S Pereira et al. (2009)

Innovation Rainwater collection units Walker et al. [1], UNESCO [7]
Table 4
Water Shortage Risk Index for Mexico City ranges. Every observed value
(O) was contrasted with an ideal value (I) within each level, giving Delta as a result:
Δ ¼ O � Ij j. The ratio will be calculated between the Delta for each
neighbourhood, and the summatory of all the deltas for a given level. Hence, the
ratio ri for each neighbourhood will be calculated by: ri ¼ Δ i

ΔT
. Once ri is calculated

within the levels, it is added and grouped by factors, which gives us the value
of rsocial, rinfrastructure, renvirnonment and rinnovation for each neighbourhood. Then, these
r values are added and summarized into:
Ri ¼ rsocial þ rinfrastructure þ renvirnonment þ rinnovation. Then Ri is divided by 10 levels
to transform it into Ri which is the index from which the neighbourhoods were
ranked Ri ¼ Ri

10. For the ranking, the Ri for each neighbourhood is compared with
a proposed normal distribution for which the values of μ and σ were calculated in
an ideal scenario for the population. That is why ¼ 1

N, where N equals the number
2

of the 1759 analyzed neighbourhoods. As it is a normal distribution, and none of
our values can be less than zero, the Standard Score formula was used to identify
the standard deviation that characterizes the proposed distribution: Z ¼ x � μ

σ .
Where: Z = −3.99, x = 0, μ ¼ 1

N ¼ 0:000568 and σ ¼ Unknown. By solving the
equation of the ideal normal population distribution curve, the values of μ and σ
were obtained.
Risk level
 from
 to
ery low risk (μ < � 2σÞ
 0.000143
 0.000285

ow risk (−1 σ>μ> � 2σÞ
 0.000285
 0.000427

oderate risk (μþ � 1σÞ
 0.000427
 0.000711

igh Risk (1σ < μ < þ 2σÞ
 0.000711
 0.000853

ighest risk (μ < þ 2σÞ
 0.000853
 0.000995
H



Fig. 1.Map of Urbanmarginalization at the neighbourhood level inMexico City in 2020. This Index is obtained based on the distancemethod by Pena Trapero [8]. The eval-
uated factors are related with education, income and accessibility to services. The most vulnerable areas are located in the peripheries of the city.

Fig. 2.Water Shortage Risk Index for Mexico City. This Index is obtained based on the distance method by Pena Trapero (1977). Each neighbourhood is compared with a
synthetic ideal neighbourhood regarding water security. The distance of the neighbourhood to the ideal one determines the levels of risk.
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Fig. 3. Identified vulnerable neighbourhoods in Mexico City where water shortage intersects with urban marginalization.
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