
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Science of the Total Environment 848 (2022) 157637

Contents lists available at ScienceDirect

Science of the Total Environment

j ourna l homepage: www.e lsev ie r .com/ locate /sc i totenv
COVID-19 and organisational resilience in Brazil's water sector
Karen Tavares Zambrano a,⁎, Maryam Imani b, Davi Gasparini Fernandes Cunha a
a Department of Hydraulics and Sanitation, São Carlos School of Engineering, University of São Paulo, São Carlos, São Paulo CEP 13560-590, Brazil
b School of Engineering & the Built Environment, Faculty of Science and Engineering, Anglia Ruskin University, Chelmsford, Essex CM1 1SQ, United Kingdom
H I G H L I G H T S G R A P H I C A L A B S T R A C T
⁎ Corresponding author.
E-mail addresses: karenzambrano@usp.br (K.T. Zambran

(M. Imani), davig@sc.usp.br (D.G.F. Cunha).

http://dx.doi.org/10.1016/j.scitotenv.2022.157637
Received 27 April 2022; Received in revised form 21
Available online 26 July 2022
0048-9697/© 2022 Elsevier B.V. All rights reserved.
• COVID-19 globally exacerbated pre-
existing challenges in water sector.

• COVID-19 has been a threat multiplier for
water sector financial issues.

• Brazilian water companies were assessed
in relation to their resilience maturity.

• State-owned companies had higher
level of resilience maturity than local
companies.

• Water companies can learn from their re-
sponse to COVID-19 to strengthen resil-
ience.
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The COVID-19 pandemic required a wide range of adaptations to the way that water sector operated globally. This
paper looks into the impact of the COVID-19 pandemic on Brazilian water sector and evaluates the water sector's
organisational resilience from the lens of water professionals. This study uses British Standard (BS 65000:2014)'s
Resilience Maturity Scale method to evaluate organisational resilience in water sector under two defined scenarios
of before and during the pandemic. For this purpose, the self-assessment framework developed by Southern Water
in the United Kingdom (based on BS 65000:2014), comprising of the core resilience elements of Direction, Awareness,
Alignment, Learning, Strengthening, and Assurance, are used for evaluations. A qualitative-quantitative surveying
method is used for data collection. A total of 14 responses to the whole questionnaire were received from May 2021
to August 2021, each representing one water company in Brazil (four local companies and ten state-owned ones).
The analyses identified COVID-19 as a threat multiplier particularly to already existing financial challenges due to
the pre-existing threats in water sector. Bad debt and the COVID-19 emergency measures are recognised as the
main challenges by 21 % and 14 % of the survey respondents. The state-owned and local companies scored an almost
similar maturity level 3, 35% and 34% respectively, while the local companies scoredmuch lower at maturity level 4
i.e., 26 % as opposed to 47 % in state-owned sector. This indicates that COVID-19 has a greater impact on local com-
panies and the needs to increase preparedness. This study replicates an international experience to raise awareness on
water sector's resiliency in Brazil and how it can be improved towithstand future external shocks. It sheds light on how
and what existing challenges can be exacerbated facing a global shock and proposes opportunities for improvement of
resilience maturity in water sector in Brazil.
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1. Introduction

The World Health Organisation (WHO) recognised the coronavirus dis-
ease (COVID-19) outbreak as a pandemic on 11March 2020 and since then,
the world has experienced rapidly growing threat to global health security
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(Acter et al., 2020; Chakraborty and Maity, 2020; Zumla and Niederman,
2020). The COVID-19 is the infectious disease caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) virus, a novel and highly
transmissible coronavirus (Ahmed et al., 2021; Hu et al., 2021). In order to
help prevent the virus transmission, especially in high-density urban areas,
several countries have implemented a series of precautionary measures,
including quarantine, social distancing, lockdowns and behavioural guide-
lines such as frequent handwashing. Recent studies showed the effectiveness
of such measures in reducing the rate of infection (Delen et al., 2020; Saez
et al., 2020; Sypsa et al., 2021; Tobías, 2020). Handwashing with soap is
one of the simplest and most effective ways to prevent infections and further
evidence suggests that improvements in hand hygiene may reduce spread of
respiratory viruses and other infectious diseases (Aiello et al., 2008; Haque,
2020; Hirose et al., 2021; Islam et al., 2022; Warren-Gash et al., 2013). As
water, sanitation and hygiene (WASH) facilities are important to protect pub-
lic health especially during infectious disease outbreaks, the water sector is
considered an essential due to its vital role supplying drinking water and col-
lecting and treating sewage (WHO; UNICEF, 2020).

Despite water's importance, more than 2 billion people across the globe
still lack access to safely managed drinking water and over half lack access
to safely managed sanitation (United Nations, 2020b). Most of these histor-
ical access gaps still take place in low- and middle-income countries
(LMICs), as defined by the World Bank (The World Bank, 2021), making
them particularly vulnerable to disruptive events such as COVID-19. The
COVID-19 crisis represents a severe threat to LMICs, since they face other
simultaneous pressures related to rapid urbanisation and population
growth (e.g., increasing informal settlements, with limited access to health
and WASH services), poverty, inequality, unemployment and underem-
ployment, other infectious diseases (e.g., malaria, dengue fever), limited fi-
nancial resources, and high public debt levels (Ahmed et al., 2020; Barbier
and Burgess, 2020; Khatri et al., 2008). Under this scenario, themeasures to
fight COVID-19 are difficult to implement and the emergency response
must tackle new and existing inequalities (Parikh et al., 2020; Patel et al.,
2020).

The COVID-19 crisis has been associated with social and economic
impacts (e.g., financial losses, mental health issues), often unevenly distrib-
uted across different countries and social groups (Osterrieder et al., 2021).
In addition, COVID-19 and the related emergency measures have affected
the environment and increased pressure onwater supply and sanitation sec-
tor (Butler et al., 2020; Parikh and Rawtani, 2022). Recent studies have
identified the presence of SARS-CoV-2 in sewage and receiving water bod-
ies (Baldovin et al., 2021; Jakariya et al., 2021; Zamhuri et al., 2022). Other
studies have reported an increased water consumption due to the changes
in hygiene and cleaning habits (Abu-Bakar et al., 2021; Sayeed et al.,
2021). Also, the waste generation has increased globally as a result of the
pandemic, and improper disposal represents a major threat to aquatic envi-
ronments (Ali and Parvin, 2022). These new challenges may overburden
the water sector, which is already under stress in LMICs due to the pre-
COVID threats (Butler et al., 2020).

Brazil is one of the LMICs where the COVID-19 pandemic has amplified
the water sector pre-existing trends. At end of 2021, Brazil had accumu-
lated more than 22 million COVID-19 cases and 619,056 deaths and was
the country with the world's third and second highest numbers of con-
firmed COVID-19 cases and reported deaths, respectively (Johns Hopkins
University, 2021). When it comes to water and sanitation services, 84 %
of the Brazilian population had access to the water supply system and
55 % had access to the sewerage system in 2020 (Brazil, 2021a). The pop-
ulation most impacted by the lack of these services live in low-income
areas, such as indigenous villages, urban peripheries and informal settle-
ments, which are more vulnerable and susceptible to infectious diseases
(SIWI; UNICEF Brazil; The World Bank, 2020).

Drawing on the above, it is clear that water sector plays a crucial role in
Brazil's response to the pandemic. Nevertheless, the existing pressures on
water supply and sanitation services along with the lack of effective resil-
ience strategies prior to the pandemic were exacerbated by COVID-19 lead-
ing to insufficient/ineffective response by the sector. The implications of
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such exacerbations clearly demonstrate a wide range of short-term and
long-term impacts that the sector need to tackle and cope with in coming
years. In order to address the need of the water sector to have the necessary
capacity to respond to disruptive events and chronic conditions, the con-
cept of resilience could be applied and understood as a business continuity
and risk management model (Lawson et al., 2020). The Water Services
Regulation Authority – (OFWAT, 2015), defined resilience as “the ability
to cope with, and recover from, disruption and anticipate trends and variability
in order to maintain service for people and protect the natural environment
now and in the future”. As a business, water companies need to incorporate
resilience to respond and recovery from adverse conditions, linking
corporate (business operations issues), operational (performance ones)
and financial elements in strategic planning process, while prioritizing cus-
tomers' expectations (OFWAT, 2017). This means considering all potential
threats to different departments to adopt a well-rounded approach, called
“resilience in the round” in OFWAT's 2019 price review (PR19).

The COVID-19 crisis reinforced the importance of resilience in water
systems and how we can learn lessons from this crisis for further future-
proofing of water systems. Resilience has been widely discussed in global
water sector from regulatory/government level to local level (Butler
et al., 2017; Johannessen and Wamsler, 2017). Nevertheless, this is an
emerging discussion in the Brazilian water sector, whose primary concern
is still achieving universal access to safely managed water and sanitation
services (Diep et al., 2020). Many authors agree that an exit strategy from
a crisis will be a strategy that embraces a resilience approach and develops
its capacities to bounce back and learn lessons for the future (Lawson et al.,
2020; Makropoulos et al., 2018; OFWAT, 2017). Therefore, the challenges
to building resilience in Brazilian water systems are important to discuss,
especially in the face of the COVID-19 pandemic.

This study aims to analyse the performance of the Brazilianwater sector
in response to the COVID-19 pandemic and assess the major challenges
faced by water companies. The resilience self-assessment framework devel-
oped by SouthernWater in the United Kingdom (UK) (SWS, 2018)was used
to assess the water sector performance against six resilience elements:
Direction, Awareness, Alignment, Learning, Strengthening, and Assurance.
The companies' performance from the water professionals' perspective was
scored, via a structured questionnaire, considering two scenarios (before
and during the pandemic). Recently, similar studies have been developed
to assess the water sector responses and the impacts on projects, practices
and workers (Antwi et al., 2021; Capodeferro and Smiderle, 2020; Goldin
et al., 2022; Lawson et al., 2020; Renukappa et al., 2021; Spearing et al.,
2021). To the best of our knowledge, there are no prior studies measuring
the water sector organisational resilience in Brazil.

2. The challenges of urban water sector in Brazil

2.1. The institutional framework of water sector in Brazil and its challenges

The Brazilian government began tackling Water Supply and Sanitation
(WSS) services issues through collective solutions only in 1940, when the
population was already around 40 million inhabitants and 70 % of them
did not have a safely managed drinking water service (Pagnoccheschi,
2016). Since then, water sector governance has been frequently a reactive
response to lack of access toWASH services, and hence Brazil has a complex
governance which involve several government agencies and service pro-
viders at different government levels (Fig. 1). Recently, an update to the
water sector legal framework (Federal Law n. 14,026/2020) was approved
by the Brazilian federal government, known as the “New Sanitation Frame-
work” (Brazil, 2020). The purpose of this update was to improve cross-
sectoral coordination for infrastructure development (Cunha Libanio,
2020). The law will have significant impact on the water sector regulation
and the new WSS concessions (de Sousa, 2020).

In Brazil, WSS are considered local public services and, as such, munic-
ipal governments are the authority responsible for their provision. Under
the framework from Fig. 1, the municipality may provide the services at
local level bymunicipal secretariats or autarchies, or delegate the operation



Fig. 1. Brazil's water sector institutional framework.
aBrazil (2020); bABAR (2020a).
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to public or private utilities, that are generally regional. In cases where the
services' provision is of common interest to more than one municipality,
municipal governments share the authority with the state government.
Regarding regulation, the authority may delegate the responsibility to a
regulatory agency, and it can be exercised at either municipal, regional or
state levels (Barbosa and Brusca, 2015; Smiderle et al., 2020). It is notewor-
thy that almost 60 % of the Brazilian municipalities are regulated by regu-
latory agencies (ABAR, 2020a).

Despite the relevance given to the municipal authority under the
Brazilian water sector framework, the provision and regulation of the WSS
services have been historically treated mainly at the state level (Sampaio
and Sampaio, 2020). In 2020, the National Sanitation Information System
(SNIS) reported the existence of 1,354 service providers: 28 regional compa-
nies (26 state-owned), 8 micro-regional companies, and 1,318 local compa-
nies (Brazil, 2021a). Regional utilities serve 81 % of the total Brazilian
population and 91 % of the urban population with water supply (Brazil,
2021a). Regarding sewage, they cover 47% of the total Brazilian population
and 55 % of the urban population with sewerage system. About 50 % of the
sewage generated is treated (Brazil, 2021a). Most state-owned companies
(approximately 24) are mixed capital companies with the state government
as the majority shareholder (Vitoria et al., 2020). Private companies are
responsible for only 8 % of the sector's market share (Brazil, 2021a).

The complex and multi-level water governance in Brazil leads to the ex-
istence of different stakeholders that make the decision-making processes
and the adoption of integrated and innovative approaches more challeng-
ing (Organisation for Economic Co-operation and Development – OECD,
2015). According to Sampaio and Sampaio (2020), this shared-authority
system ended up often leading to power disputes and legal uncertainty.
Also, such complexity has affected the efficiency of the sector's policies
and resulted in conflicting roles regarding services provision and infrastruc-
ture management (Diep et al., 2020). Hence, when a crisis such as COVID-
19 pandemic occurs, complex systems, such as Brazil's water sector, may
take longer to respond effectively and efficiently if they are not well articu-
lated (Ramos andHynes, 2020). As a result of this, key resilience principles,
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such as redundancy, interconnectivity and learning, are challenging to
operationalise considering different design or planning practices of non-
articulated governances (Rodina, 2019).

2.2. COVID-19-related challenges in water sector: a brief review

A key facet of resilience-informed water management is the identifica-
tion, characterisation, and categorisation of potential threats. Hence,
considering the context prior to COVID-19, a narrative review of the litera-
ture was conducted on the water sector drivers or threats from a series of
searches using Web of Science, Google Scholar and Scopus databases, as
well as policy documents and reports from governments, agencies and in-
ternational organisations. This investigation diagnoses the underlying chal-
lenges of water sector prior to COVID-19 and their likely coincidence with
emerging COVID-19-induced pressures leading to exacerbation of service
delivery in Brazil. One of the key factors in projection of resilience is to un-
derstand the interlinkages in water sector to tackle the issues around cas-
cading failures. According to Rehak et al. (2018), cascading impacts “are
impacts caused by disruptions or failures in an element/sub-sector/sector
of the critical infrastructure that continue to spread across the critical infra-
structure – and cause a failure of dependent elements/sub-sectors/sectors –
which result(s) in the escalation of further impacts”.

The result of the above literature survey can be conceptually demon-
strated as the four zones defined in Fig. 2 to categorise the pre- and post-
COVID-19 threats. This categorisation supports better identification of
existing and emerging key threats and their linkages in water sector by ser-
vice providers, policymakers and regulators.Moreover, this partitioning ap-
proach can facilitate the mapping of cascaded impacts for more targeted
diagnostic analysis and aid prioritisation of resilience interventions.

Shocks are disruptive and acute events that may affect the companies'
ability to provide WSS services in the short term (e.g., abrupt changes in
water consumption, droughts events). Some shocksmayhave long-term im-
pacts due to prolonged disturbances on companies, such as water licensing
changes. Conversely, stresses are chronic and slow-onset events that can



Fig. 2. Key Pre/Post COVID-19 threats in/to water sector in Brazil.
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impair the operation and efficiency of water sector and increase their
vulnerabilities (e.g., population growth, climate change) (ARUP and
AnglianWater, 2018; Sturgess, 2015). In Fig. 2, Zone 1 and Zone 2 indicate
the pre-COVID-19 potential shocks and stresses, respectively. Zones 3 and
4 represent new COVID-19-induced challenges (e.g., social distancing)
and pre-COVID-19 challenges that the pandemic can exacerbate
(e.g., behavioural changes). The coincidence of the COVID-19with ongoing
pressures may lead to further interruption of the services, along with a pro-
longed recovery process.

Table 1 outlines some key findings of the above investigation as com-
mon problems of water sector companies in Brazil before the pandemic
(pre-COVID-19 potential shocks and stresses from Zones 1 and 2, respec-
tively). The pre-COVID-19 threats that may be induced or exacerbated by
the COVID-19 pandemic (i.e., Zones 3 and 4) were separated into potential
and actual. They refer, respectively, to events that may happen and events
that already happened due to the interaction with the pandemic and the
ongoing threats. This characterization as ‘potential’ or ‘actual’ was based
on the reports found in the literature review and published during the
COVID-19 pandemic.

Fig. 3 summarizes the main challenges expected for the Brazilian water
sector due to the COVID-19 pandemic, based on the literature review
(Table 1), which are discussed in Sections 2.2.1 to 2.2.6.

2.2.1. Brazil's historical gaps in WSS services
The population in Brazil reached 213million inhabitants in 2021 (IBGE,

2020a). As many LMICs, Brazil has experienced a rapid population growth
and urbanisation over the past decades. One of the major effects of this
rapid growth is the poorly planned urban development, which may affect
the ability of local governments to provide infrastructure and basic public
services for all people (UN-Habitat, 2016). Due to the increasing demands
and the housing needs without proper planning, socioeconomic factors
such as poverty, marginalisation and informality are an ever-present reality
in many of the countries with high population growth rates (UNDESA/PD,
2019). As a result, informal settlements and slums emerge and grow, espe-
cially in the peri-urban areas of large cities such as São Paulo and Rio de
Janeiro (Adeyeye et al., 2020). These settlements often have limited or in-
adequate access to improved water sources and sanitation facilities, as well
as overcrowding and lack of quality/durability of housing (UN-Habitat,
2003). In 2019, there were about 5 million households in informal urban
settlements in Brazil (IBGE, 2020b).

Water policy continue to be a key player in response to COVID-19, par-
ticularly because the most vulnerable areas to the spread of contagious dis-
eases have lower access toWASH and health services (SIWI; UNICEF Brazil;
4

TheWorld Bank, 2020). According to data from the SNIS, 16 % of Brazilian
households lack access to drinkingwater and 45%do not have access to the
sewerage system in 2020 (Brazil, 2021a). This historical gap also holds an
inter-regional dimension due to an uneven distribution of water supply net-
work and sewage collection. The North region had the lowest water supply
coverage in 2020 (59 %), whereas the Southeast region reached 91 %. Re-
garding sewage, the North and Southeast regions had coverages of 13 %
and 80 % in the same year, respectively (Brazil, 2021a).

Brazil's historical gaps in WSS services can be further widened in
crisis situation such as the COVID-19 pandemic which requires swift and
effective co-ordination, collaboration and action during and post pandemic.
COVID-19 has created social challenges for the nation particularly in de-
prived communities with lower access to WASH (United Nations, 2020a).
According to 2019 data from the Trata Brasil (ITB), people without access
to WSS services had an average monthly income of approximately R$ 515
($ 100, USD dollar exchange rate of June 14, 2022), almost six times
lower than the monthly income of people with access to these services
(ITB, 2019). Since COVID-19 trigged economic and employment shocks,
an increase in poverty, social vulnerability and inequality is expected
if Brazilian policy responses are not effective and well-coordinated
(The World Bank, 2020). In this regard, different government levels have
created initiatives to limit the socio-economic impacts of the COVID-19
pandemic, such as emergency financial assistance and the suspension of
water service shut-off to protect the poor and the most vulnerable people.

2.2.2. Policy responses to COVID-19
Water sector had to deal with policy responses attempted to limit the

socio-economic impact of the COVID-19 pandemic. Some commonly mea-
sures adopted voluntarily or by state government order in Brazil, since
the first confirmed case on 26 February 2020, were: (i) limits on the num-
ber of workers in the workspace and rules on social distancing; (ii) partial
or total suspension of water billing for low-income users; (iii) suspension
of water service shut-off due to non-payment; (iv) flexible payment plans
and alternative payment methods; (v) postponement of the application of
tariff adjustments; and (vi) prohibition on charging late fees or other penal-
ties (ABAR, 2020b; Smiderle et al., 2020). While these measures have been
essential to support themost vulnerable people, they could lead tofinancial
and operational impacts and high risks to water sector performance when
taken without proper planning (Butler et al., 2020).

The water-related measures were implemented to some extent in most
Brazilian states (e.g., Acre, Amazonas, Bahia, São Paulo, Rio de Janeiro).
However, they were often not well articulated and there was no national
strategy for the COVID-19 response (Victral and Heller, 2021). Such lack



Table 1
Known shocks and stresses to the water sector prior to COVID-19, considering the Brazilian context, and how they relate to the pandemic.

Zone 1 pre-COVID-19 potential shocks Zone 3 induced or exacerbated by COVID-19

Potential Actual COVID-19-related references

Infrastructure failure (e.g., incidents, mechanical or supply chain failure)a, b, c X – (Spearing et al., 2021)
Water quality standards changec – – –
Power outagesa, d X – (Abu-Bakar et al., 2021)
Energy price changesd X – (Norouzi et al., 2021)
Water supply contamination (e.g., oil and chemical spills)d – – –
Abrupt changes in water consumptiond – X (Abu-Bakar et al., 2021; Kalbusch et al., 2020)
Abrupt changes in water quality or sewage compositiond X – (Muduli et al., 2021)
Abstraction licences changed – – –
Water-related diseases (e.g., cholera)e X – (Rimoldi et al., 2020)
Flooding and droughts eventsb, f – – –
Cyber-attacksb, d, g – – –

Zone 2 pre-COVID-19 stresses Zone 4 induced or exacerbated by COVID-19

Potential Actual COVID-19-related references

Population growth and urbanisationb, c, e, g, i, j, k, l – – –
Changes in lifestyle and consumption patternsb, d, e, k, m – X (Abu-Bakar et al., 2021; Campos et al., 2021; Kalbusch

et al., 2020)
Increasing income inequalityc, g – X (Angelov and Waldenström, 2021)
Increasing informal urban settlementse, h, m – – –
Climate change (inc. drought and flooding events)c, e, f, h, i, j, m, n – – –
Changes in land use patternse, i, l – – –
Source water quality deteriorationc, e, h, l – – –
Water scarcityc, e, l, m – X (Keulertz et al., 2020; Staddon et al., 2020)
Lack of or insufficient infrastructurei, j, m, n – X (Butler et al., 2020; Stoler et al., 2020)
Ageing and deterioration of existing infrastructure systemsa, b, d, i, m X – (Butler et al., 2020; Spearing et al., 2021)
Outdated or insufficient technologyf, m X – (Butler et al., 2020; Spearing et al., 2021)
Leakageb, d – – –
Bad debtb, d – X (Spearing et al., 2021)
Poor financial and operations managementi, n X – (OECD, 2020)
Limited financial capacityi, o – X (Butler et al., 2020; Spearing et al., 2021)
Shortage of skilled labour or lack of technical capacityd, i, m, o – X (Cotterill et al., 2020; Spearing et al., 2021)
Lack of ownership or engagement in decision-making processesb, d, i, m X – (Butler et al., 2020; OECD, 2020)
Governance & privatization (e.g., changing regulation, ineffective governance, failure of policy to pro-
mote innovations)d, m

– X (Spearing et al., 2021)

Note: lines with “-” correspond to threats that are not likely to be induced/exacerbated by the pandemic according to the data collected in this literature review.
a Gheisi et al. (2016).
b Defra (2017).
c Makropoulos et al. (2018).
d ARUP and Anglian Water (2018).
e Gallopín (2012).
f Luh et al. (2017).
g Lawson et al. (2020).
h Rahmasary et al. (2019).
i Adeyeye et al. (2020).
j Mourad (2020).
k Kizhisseri et al. (2021).
l Zimmerman et al. (2008).
m Khatri et al. (2008).
n Schultz and Uhlenbrook (2008).
o Johannessen and Wamsler (2017).
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of national coordination may increase risks to service continuity and affect
the post-COVID-19 recovery (ABAR, 2020b). The measures to financially
support water service providers were mainly focused on payment exten-
sions and emergency funding, but information on the financial manage-
ment of water companies during the pandemic demonstrates an even
greater lack of coordination with state policies (Artigo 19, 2020).

2.2.3. Increased water consumption and changes in water consumption patterns
One of the primary challenges water sector faced at outset of COVID-19

and beginning of the community containment strategy was increasing
water demand due to hygienic and sanitation purposes as well as changing
water consumption patterns as a result of staying and working from home
(Campos et al., 2021; Capodeferro and Smiderle, 2020). Working from
home culture has led to the type of water usage changes since office/
work consumption patterns have shifted to household consumption
5

patterns. Despite this shift across different types of water demands, water
consumption had a net increase due to handwashing and ‘new’ cleaning/
hygienic habits to prevent and control the COVID-19 spread (Abu-Bakar
et al., 2021; Campos et al., 2021; Sayeed et al., 2021). In Joinville, Southern
Brazil, analysis of data from 26 days before and 26 after the community
containment measures revealed that water consumption decreased by
53 %, 42 % and 30 % in the industrial, commercial and public categories,
respectively, and increased by 11 % in household category (Kalbusch
et al., 2020).

The other challenge potentially exacerbated by the COVID-19 pandemic
is the increase in domestic wastewater production, as a consequence of in-
creased water consumption (Quintuña and Marcelo, 2020). COVID-19 has
also exacerbated the effects ofwater scarcity, as access towater supply is es-
sential to enable handwashing and proper hygiene. Several studies from
other countries have reported that the pandemic has increased pressure
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on already strained water supply systems (Boretti, 2020; Feizizadeh et al.,
2021; Lawson et al., 2022). All the aforementioned issues may expose
bothwater andwastewater sectors to pre-existing challenges such as ageing
and insufficient infrastructure, outdated technology and poor maintenance
and management (ARUP, 2016; Stepping, 2016).

2.2.4. Revenue reduction and other financial impacts
The economic crisis caused by the COVID-19 pandemic has impacted

and will continue to affect the water sector's revenues and expenditures.
The above-mentioned changes across different types of water demands
(i.e., increase in household consumption and decrease in commercial/
industrial consumption) have a negative impact on companies' revenue
due to the water tariff structure (Barbosa and Brusca, 2015; Capodeferro
and Smiderle, 2020). Larger water consumers (e.g., universities, shopping
malls, industries) usually pay higher rates than small consumers, which
may lead to a reduction in revenues during the COVID-19 pandemic. Be-
haviour changes and increasedwater consumption can also increase energy
consumption in water and sewerage systems. In addition, COVID-induced
energy price changes tend to lead to higher expenses with electricity.

Other challenges are the temporary suspension of water billing for low-
incomeusers andwater service shut-off, aswell as the increased level of bad
debt. In April 2020, the level of bad debt was about 24 % in state-owned
companies and 25 % in private companies (Hirata, 2020). SABESP - one
of the largest water sector companies in Brazil - in its annualfinancial report
in 2020 - has reported a 71 % decrease in net income, compared to 2019,
and an allowance for doubtful accounts of R$ 444.8 million. Also, the
exemption to low-income customers between the months of April and
August/2020 cost about R$ 125.0million (SABESP, 2021). Thus, water sec-
tor should expect an increase in total expenditure and decrease in revenues.
These challenges may induce or exacerbate financial problems, especially
for local companies that already had limited financial capacity before the
pandemic.
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2.2.5. Changes in workplace practices
The COVID-19 pandemic has forced organisations to adapt their work-

place practices and operations (Renukappa et al., 2021; Spearing et al.,
2021). New ways of working were developed to protect safety and health
at work, including social distancing, remote working, handwashing, the
use of face masks and alcohol-based products. The daily operation of the
customer services such as call centres, maintenance services, or system im-
provements such as water meter installations were delayed, paused or
stopped as a result of lockdown and social distancing. Staff shortages are
also expected during the pandemic, as a consequence of reduced work
teams, excused absences, and early retirements. These shortages were
observed in studies conducted in other countries (Cotterill et al., 2020;
Spearing et al., 2021). As operators play a critical role in BrazilianWSS util-
ities operations, lack of staff may affect maintenance strategies and system
performance. One of the key challenges that in short- and long-term water
systems will face is the cost of delayed services and the challenges around
prioritisation of those services. It may lead to long-term reputational im-
pacts around customer services. In addition, these service interruptions or
delays will have short-term and long-term knock-on effects on other inter-
dependent systems. As a result, more challenging issues may arise, such
as the companies' ability to comply with the obligations of their concession
contract regarding expanding services coverage.

2.2.6. Environmental effects of COVID-19
The COVID-19 pandemic and its related measures have caused adverse

effects on the environment thatmay impact thewater sector operations. Re-
cent studies detected the presence of SARS-CoV-2 RNA in wastewaters and
water bodies in Brazil (Prado et al., 2020, 2021) and other countries
(Baldovin et al., 2021; Foladori et al., 2020; Jakariya et al., 2021; Lahrich
et al., 2021; Rimoldi et al., 2020; Zamhuri et al., 2022),mostly those receiv-
ing non-treated or secondary-treated wastewaters. In Brazil, the sewerage
system covers 55 % of the total population and 63 % of the urban
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population (Brazil, 2021a). Approximately 50 % of the wastewater gener-
ated is treated before discharge to receiving water bodies (Brazil, 2021a).
In addition, most of the Brazilian wastewater treatment plants do not re-
move pathogens by disinfection methods (von Sperling, 2016). Although
the infectivity of SARS-CoV-2 in wastewaters and surface waters has not
been proved, potential public health risks may arise considering the
Brazil's historical gaps in WSS services.

During the COVID-19 pandemic, waste generation and composition has
changed and several studies have reported a significant increase in medical
waste, plastic pollution and use of disinfectants (Ali and Parvin, 2022;
Penteado and de Castro, 2021). Further evidence from Brazil suggested a
decrease in recyclable collection and a lack of proper treatment of medical
waste (Urban and Nakada, 2021). Improper handling and disposal of
wastes may result in soil, water and air pollution, causing adverse effects
on human health (Ali and Parvin, 2022). Moreover, the detection of
COVID-19-related pharmaceuticals, chlorinated disinfectant residues and
harmful disinfection byproducts on aquatic environments has been an in-
creasing concern worldwide (Bandala et al., 2021; Chu et al., 2021). All
these emerging issues may expose water utilities to hazards and hazardous
events, increasing the risks of water insecurity. Therefore, a pandemic risk
assessment and management framework are essential to address the
environmental, social and health implications of the above-mentioned
challenges (Bogler et al., 2020; Girón-Navarro et al., 2021).

3. Materials and methods

3.1. Resilience assessment

The present study focuses on water sector's resilience in Brazil from
organisational point of view. It analyses the performance of water sector in
response to the COVID-19 pandemic and its challenges based on the water
sector professionals' perspective. In this study, the framework developed
by the UK Southern Water is used to assess the organisation's overall
approach to resilience (SWS, 2018). The assessment framework adopted
has been aligned to the principle and structure of British Standard (BS)
65000:2014 – Guidance on organisational resilience (BSI, 2014). BS 65000
defines organisational resilience as “the ability of an organisation to anticipate,
prepare for, respond and adapt to incremental change and sudden disruptions in
order to survive and prosper”. The UK SouthernWater approach uses the six el-
ements of Direction, Awareness, Alignment, Learning, Strengthening, andAs-
surance, based on the BS 65000's core elements (SWS, 2018):

1. Be informed (Awareness): process and systems provide visibility of pres-
sures and threats and current level of resilience;

2. Set direction (Direction): top-level managers identify pressures and
threats and set resilience objectives;

3. Bring coherence (Alignment): resilience objectives shared, aligned, and
managed across all operational disciplines;

4. Develop adaptive capacity (Learning): learn from internal and external
experiences to identify resilience needs and opportunities and adapt to
changing conditions;

5. Strengthen the organisation (Strengthening): implement solutions to en-
hance resilience and organisation's ability to deal with emerging risks
and changing conditions;

6. Validate and review (Assurance): corporate view of resilience validated
by audits, simulations, and stress tests.
Table 2
Resilience maturity scales.

Maturity 0 Maturity 1 Maturity 2 Maturit

Immature Aware Developed Compet
No measures
implemented.

Some basic level of
measures implemented.

Majority of measures in place.
Implementation remains a challenge.

Strong e
Good le

Score 0–1 Score 1–2 Score 2–3 Score 3

Source: SWS (2018).
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To assess the performance of the sector against each element, this study
used BS 65000 Resilience Maturity Scale method to evaluate the current
level of resilience in water sector in response to COVID-19 pandemic.
Five maturity levels of Maturity 0, Maturity 1, Maturity 2, Maturity 3 and
Maturity 4 are defined each with a descriptive title as ‘Immature’,
‘Aware’, ‘Developed’, ‘Competent’ and ‘Excellent’, respectively (Table 2).
The maturity scales demonstrate the overall approach to resilience plan-
ning in water sector in Brazil and the descriptive titles can reflect on the
steps taken by an organisation to be more resilient to emerging challenges.
For example, an ‘Immature’ organisation is one that has not taken any steps
to apply and implement any resilience measure. In contrast, a ‘Competent’
organisation is one that has got measures in place and implemented in a
level that allows the system to cope with the challenges. In addition to
that, and in order to quantify the maturity level for quantitative analytical
basis, a scoring system, based on expert judgment, has been defined for
each maturity level ranging from 0–1 to 4–5 indicating Maturity 0 and
Maturity 4, respectively.

3.2. Survey design

This study adopted a qualitative-quantitative surveyingmethod for data
collection aiming to investigate the perceptions of water professionals pre-
during COVID-19. The data was collected via a structured questionnaire
formed of four parts: (1) general instructions with an introduction about
the survey and informed consent; (2) general information to characterize
the company and the role of the participant (three open-ended questions);
(3) specific information about the challenges induced or exacerbated by
the COVID-19 pandemic in the companies' context (one checkbox ques-
tion); and (4) specific information formed of six sections indicating the
six key resilience elements of the self-assessment framework (total of 28
multiple-choice questions, each onewith a statement and a scoring system).
Further information about each part of the questionnaire can be found in
Supplementary Material (Table S1).

Each element of Direction, Awareness, Alignment, Learning, Strength-
ening, and Assurance contains a varying number of statements (from four
to six) to evaluate the performance of the water company. Of the 28 state-
ments in part 4, 11 are specifically about the pandemic and 17 are divided
into two scenarios (before and during the pandemic). Each statement has a
scoring system (0–1, 1–2, 2–3, 3–4, and 4–5) used by the respondent to
evaluate the level of agreement between the company's situation and the
presented statement. Respondents were asked to score their responses for
every statement on the given scale, where 0–1 indicates the worst situation
(strongly disagreement) and 4–5 indicates the best situation (strongly
agreement). Although some companies provide both water and sewerage
services, the questionnaire was specifically designed around the provision
of drinking water due to the key role of water supply in protecting public
health during the COVID-19 pandemic.

The questionnaire was previously developed for the UK context and
then updated for a Brazilian context. It was pre-tested on a small sample
of respondents (n = 3) before dissemination to uncover problems and
assure that questions are well-written and can meet the surveys' intended
objectives. The English version of the questionnaire is available in the
Supplementary Material.

The questionnaire's design was focused on making the questions clear
and unambiguous to improve respondents' understanding. In part 4 of the
questionnaire, brief explanations about the concepts and terms essential
y 3 Maturity 4

ent Excellent
vidence of measures in place.
vel of implementation.

Excellent demonstration of the necessary measures
needed. Very strong level of implementation.

–4 Score 4–5
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for understanding were provided, as well as examples similar to real
work situations. At the end of each section of part 4, a ‘Comment’ field
was included to allow respondents to record any opinion or additional
information.

All questions were defined as mandatory, so each participant could only
proceed to the next part/section after providing all required answers. Fill-
ing in the ‘Comment’ field was defined as optional. Respondents were in-
formed in part 1 about their voluntary role in the research and about the
possibility of withdrawal at any stage.
3.3. Survey data sources and collection

The survey was web-based and online using QuestionPro survey soft-
ware (Essentials account, https://www.questionpro.com/us) controlled
and managed by the lead/corresponding author. A Portuguese version of
the questionnaire was used in the survey. To improve the response rate, it
was guaranteed that the identity of respondents and companies would be
anonymised. Informed consent was obtained from each respondent who
was assured of the voluntary and confidential nature of the study. No per-
sonal information was collected, except when voluntarily provided by the
respondent to obtain survey feedback. The data were collected based on
the Brazil's Law on Access to Information (Federal Law n° 12,527/2011,
Brazil, 2011).

The invitation letters were distributed to 37 water companies located in
different regions of the country to guarantee the outcomes enough repre-
sents the water sector across Brazil. To date, of these 37 water companies,
26 are state-owned companies (regional water provision) and 11 are local
companies. Together, they provide drinking water to 56 % of Brazil's
population (Brazil, 2021b). The invitation letters contained instructions
informing the research purpose, the survey's access link generated by
QuestionPro and also an editable text file version. The survey invitation
was sent preferably through the Brazilian Citizens' Information Service
(CIS) and by e-mail when requested by the water company. The survey
was conducted from 10th May 2021 to 31th August 2021. This period of
time was necessary to respect the response time of the CIS system, in accor-
dance with the Federal Law n. 12,527/2011 (Brazil, 2011). In May 2021,
Brazil had already suffered two waves of COVID-19 (Zeiser et al., 2022)
and policy responses to the COVID-19 pandemic had been in place since
2020 (Capodeferro and Smiderle, 2020).

Only complete questionnaires were used to compose the results of this
research. Questionnaires with empty entries were excluded, regardless of
the percentage of valid responses. In total, the online questionnaire had
104 views and 29 responses. Of the 37 water companies invited to the sur-
vey, 14 sent the complete questionnaire, including ten state-owned compa-
nies and four local ones. These 14 water companies provide drinking water
to about 58 million people in 10 states of Brazil (Brazil, 2021b). The expe-
rience of the local companies participating in this survey withWSS services
ranged from 11 to 54 years, while the state-owned experience ranged from
10 to 53 years (Brazil, 2021b). Regarding the companies' size, the local
companies have between 112 and 532 employees, while the state-owned
have between 139 and 12,806 employees, according to SNIS 2020 data
(Brazil, 2021b). Additional baseline information about the 14water compa-
nies is available in the Supplementary Material (Table S4).

The stakeholders participating in this survey were chosen on the basis
of their roles and responsibilities in the water company. The responses
were requested from the top-level (e.g., president) or middle-level
(e.g., superintendent) managers. These managers are expected to be in-
volved in the company's planning process and strategy implementation
(Engberg et al., 2015). Therefore, they would be the most qualified partic-
ipants to assess the company's resilience maturity level. With the exception
of one respondent who held the position of ombudsman, all respondents
representing the companies performed managerial or planning-related
roles (Supplementary Material, Table S3). Respondent's experience ranged
from 8 months to 19 years and 79 % declared to have worked at the com-
pany for at least 5 years (mean = 8.33, SD = 5.64).
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3.4. Survey analysis

The data identifying the company in part 2 of the questionnaire was
used only to classify the responses into two groups (local and state-owned
companies) and were removed from the data set during the analysis pro-
cess. The identifying information was anonymised by replacing the compa-
nies' names with the identification number automatically generated by
QuestionPro. The information collected in part 3 of the questionnaire was
used to understand the challenges of the COVID-19 pandemic from the
point of view of the water professionals participating in the survey. The re-
sults were analysed in aggregate form, and hence there is no risk of possible
disclosures. All the data collected were used only for exclusively scientific
purposes.

The data collected in part 4 of the questionnaire was used to assess the
overall maturity level of local and state-owned companies according to the
six evaluated components, as well as the maturity level for each component
(Direction, Awareness, Alignment, Learning, Strengthening, and Assur-
ance). The percentage of responses for each score (0–1, 1–2, 2–3, 3–4,
and 4–5) was calculated to assess resilience maturity (Supplementary
Material, Table S2).

Radar chart was used to visualize and compare the distribution of these
percentages across the six components. The following comparative scenar-
ios were defined to evaluate the local and state-owned companies' perfor-
mance in response to COVID-19:

i. current scenario, considering the scores for the 28 criteria (i.e., the re-
sponses to all 28 statements from part 4 of the questionnaire) regarding
the companies' situation during the pandemic;

ii. comparison between pre-COVID-19 and during COVID-19 scenarios,
considering the scores for the 17 criteria regarding the companies' situ-
ation before and during the pandemic, respectively.

4. Results and discussion

4.1. Common COVID-19 challenges from the water professionals' perspective

To get a better understanding of the challenges induced or exacerbated
by the COVID-19 pandemic in water companies, respondents were asked to
select one ormore options from those presented in the questionnaire. These
options were based on challenges that emerged in the literature review
(see Section 2.2). The last option of the checkbox question was “Other” to
allow respondents to provide an alternative challenge not covered by the
available options. Despite the different measures adopted at all levels of
government to mitigate the impacts of the pandemic, some common chal-
lenges were reported by respondents (Fig. 4). All companies reported at
least one challenge related to the COVID-19 pandemic.

In this survey, as has been previously reported in the literature, ‘bad
debt’ stood out as a challenge for water companies (highlighted by 21 %
of the survey respondents), followed by the ‘emergency measures imposed
by the government’ to help combat the spread of COVID-19 (14%). Similar
results were obtained by Spearing et al. (2021) in a study conducted with
28 water utilities from the United States. In our study, revenue decrease
was specifically reported by four companies (three local and one state-
owned). One respondent from a local company highlighted that the “drastic
decrease in revenue” affected the company's strategic investment plan. No-
tably, this respondent reported that the policy of no water shut-offs may
have led many consumers to prioritise paying other bills, increasing non-
payments. In Uganda, a study conducted fromMarch to June 2020 showed
that the presidential directive to suspend disconnections for non-paying
may have influenced households' willingness to pay for water (Sempewo
et al., 2021). Therefore, COVID-19 has affected not only the water sector's
revenues and expenditures but also the consumer payment behaviour.

The aforementioned results suggest that the COVID-19 pandemic has
mainly intensified the financial challenges faced by some Brazilian water
companies. Cotterill et al. (2020) also identified ‘finance’ as a key theme
that emerged from a questionnaire distributed to water sector employees

https://www.questionpro.com/us


9 21% Bad debt 
6 14%
5 12% Changes in water consumption pattern.
5 12% Increased water consumption.
5 12% Other (write which one):

Shortage of workers.
Impossibility to hire new employees.

The shortage of critical supplies.
Drought.

4 10% Delays in works and/or service orders.
4 10% Reduction in revenue.
3 7% Lack of basic sanitation infrastructure in areas of social vulnerability.
1 2% Lack of digital platforms to serve customers remotely.
0 0% There was no challenge.

42 100%

Responses Challenges

Emergency measures imposed by the government, such as the suspension of water cuts.

Inability to carry out the strategic investment plan due to bad debt and drastic decrease in revenue. It is 
also observed that users who are able to pay their bills on time do not do so considering the suspension 
of cutting water service due to non-payment.

Fig. 4.Main challenges of the COVID-19 pandemic from the point of view of professionals from the 14 water companies evaluated.
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during the UK lockdown in 2020. Reduced demand from both industrial
and commercial consumers, and reduced ability to pay water bills probably
contributed to revenue loss, as well as changes in water service disconnec-
tion policy. Thus, governments must develop sustainable regulations and
policy interventions that consider local-specific socio-economic attributes
and address gaps in infrastructure funding (Sempewo et al., 2021;
Spearing et al., 2021).

Other COVID-19-related challenges from the respondents' perspective
were shortages of workers and critical supplies. Past experiences with the
influenza pandemic have shown that labour and supply-chain crises are ex-
pected in the face of such disruption (van Atta and Newsad, 2009). Another
respondent also reported the compound impact of drought and COVID-19
on water supply as a challenge. The effect of the COVID-19 pandemic on
water scarcity has been observed in studies from other countries (see
Section 2.2.2). These findings further support the ideas of Neal (2020)
and Lawson et al. (2022), who described the COVID-19 pandemic as a
“threat multiplier”. As mentioned in the literature review, the interaction
between the pre-COVID-19 shocks and stresses (e.g., limited financial ca-
pacity, weather hazards) and the threat of the pandemic has increased the
complexity of the interconnected and interacting risks with the potential
for cascading effects.

4.2. Resilience maturity levels of local and state-owned companies

The aggregate data obtained for local and state-owned companies
through the structured questionnaire are reported using a radar chart
view (see Supplementary Material Table S5 for the original dataset and
Table S6 for descriptive statistics). Most state-owned companies scored a
maturity level between 3 (total score 3–4, 35 %) and 4 (total score 4–5,
47 %), indicating a good level of definition and implementation of mea-
sures to enhance resilience (Fig. 5). These companies also demonstrated a
more homogeneous pattern among the six resilience components (Supple-
mentary Material, Fig. S1). Direction, Awareness, Alignment and Learning
had more than 80 % of the scores between 3–4 and 4–5. Strengthening
and Assurance had the highest percentage of responses on the maturity 2
(total score 2–3, 25 %) and, therefore, they are the components that most
need to be developed to strengthen organisational resilience.

On the other hand, local companies participating in this survey had
more distributed scores along different resilience maturity levels, ranging
from 8 % (maturity 0) to 34 % (maturity 3). About 60 % of the total score
was at maturities 3 (34 %) and 4 (26 %) levels (Fig. 5). They also had
more disparities between the resilience components. The Direction
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element, which is related to setting resilience objectives and plans, had
31 % of responses at maturity 0 (score 0–1). Of the total responses for
this element, 69 % were between maturity 0 (score 0–1) and 2 (score
2–3). In contrast, most scores for the Awareness element were between
3–4 (maturity 3, 25 %) and 4–5 (maturity 4, 55 %). Leaning and Assurance
also had higher percentages of responses at maturity level 4 (score 4–5)
when compared to the other components. Although these local companies
had a good level of awareness regarding their vulnerabilities and pandemic
threats, our survey indicated they were less mature in the development and
implementation of resilience measures.

The results suggest that water companies operating at local level have a
lower resilience maturity level, especially in those components related to
resilience planning. The local companies that performed the resilience
self-assessment of this survey are smaller than most of the state-owned
companies (Supplementary Material, Table S4), which may explain the
lower resilience maturity. It is noteworthy that the limited observations
are not statistically sufficient to generalize the results to all Brazilian com-
panies. However, the results are relatable due to the large number of
small water utilities operating under local governments in Brazil. Of the
1,354 Brazilian providers, 97 % are local companies, but the 28 regional
utilities, of which 26 are state-owned, supplied 75 % of the Brazilian
urban population with drinking water in 2020. The total operating rev-
enue was about R$ 54,891 million for Brazilian regional companies and
R$ 16,889 million for local companies in 2020 ($ 10,702 million and
$ 3,293, respectively; USD dollar exchange rate of June 14, 2022)
(Brazil, 2021a).

Further evidence suggests that small and medium-size water companies
may face more challenging issues with financial access, managerial and
workforce skills, and ageing infrastructure (Brown et al., 2005; Janzen
et al., 2017; Switzer et al., 2016). Therefore, local companies are usually
more likely to follow a reactive planning approach rather than imple-
menting proactive strategies in order to build adaptive capacity in long-
term. Corrective actions, implemented as a short-term reactive response
to shocks, do not contribute to long-term resilience and are unable to
reduce exposure and vulnerability to unexpected events if not linked to
proactive planning (Gude and Muire, 2021; Rasoulkhani et al., 2020).
Thus, local companies need to improve their strategic planning to increase
preparedness for response and recovery (Cotterill et al., 2020).

Direction, awareness, alignment and learning aremore present in larger
companies, mainly due to their financial ability, political influence, and
more exposure to research studies and resources. Large companies are gen-
erally more established and have greater access to skilled labour and
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funding, compared to small companies (Bartik et al., 2020). They also
have greater potential to generate profit due to economies of scale. It
is worth mentioning that the results of this survey are preliminary and
therefore, do not necessarily imply that state-owned companies perform
better than local companies. Several state-owned companies did not re-
spond to the questionnaire, and we argue that it is possible that those
participating in this survey are the most aligned with resilience and
the most concerned with transparency and continuous improvement of
their processes.

Regarding the organisational response to the COVID-19 pandemic
(Figs. 6 and 7), the local companies showed more contrasting scores
assigned for the two situations (before and during the pandemic) than the
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state-owned counterparts. It was expected that those operating at the
local level would be the most negatively impacted, as they were smaller
than regional companies and with a less financial ability. Small businesses
tend to be more vulnerable to financial crisis and other disruptions (Bartik
et al., 2020). However, the COVID-19 pandemic seems to have brought
about a positive change in the organisational resilience of the evaluated
local companies. During the pandemic, they improved their score for matu-
rities 3 (score 3–4) or 4 (score 4–5) in all components (Fig. 6), when com-
pared to the pre-pandemic score. In the awareness component, the score
for maturity 3 increased from 37 % to 63 %. This suggests that the
COVID-19 crisis may have increased the consciousness levels and the com-
panies' understanding about the potential risks to their operations.
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Regarding the state-owned companies, there is a small difference be-
tween the two scenarios (Fig. 7). The most interesting aspect of the data
is that the variations indicate a small loss of performance of these compa-
nies, unlike what was observed for local companies. The total score for ma-
turity 2 increased from 13 % (before the pandemic) to 18 % (during the
pandemic), while the total score for maturity 3 decreased from 38 % to
32 %. Together, the scores for maturities 3 and 4 showed a reduction
between 3 % and 10 % in alignment, learning, strengthening, and assur-
ance. Alignment and learning were the most affected components for the
state-owned companies evaluated during the COVID-19 crisis. The scores
for maturity 2 increased by 10 % in alignment and 7 % in learning, indicat-
ing a loss of performance in aligning and sharing the companies' resilience
objectives and adaptive capacity.

In summary, the results of this survey for local and state-owned compa-
nies provide important insights into the organisational resilience of
Brazilian water companies in the face of a crisis. The state-owned compa-
nies showed a higher level of resilience maturity and, compared to local
companies, were less affected by the COVID-19 pandemic. At the same
time, the pandemic brought opportunities for improvement and learning,
especially for the evaluated local companies. The COVID-19 pandemic
proved how crucial staff/individual preparedness is to raise awareness
and enable an organisation to respond effectively to a crisis. Both local
and state-owned companies, however, require further ‘strengthening’ in
terms of embedding resilience thinking into their solutions development.
These findings, while preliminary, highlight the need for proactive emer-
gency preparedness, as was also observed by Sowby (2020). Water compa-
nies, mainly those that do not have formal resilience measures in place
(e.g., risk management process, crisis management strategy, business conti-
nuity plan), should learn from their response to COVID-19 and develop
long-term strategies for increasing their resilience to future crisis. Also,
more collaboration between the local and state-owned companies could
be prioritised for knowledge and experience exchange.

5. Conclusion

This study identified several challenges of the water sector prior to
COVID-19, and also the pressures induced or exacerbated during the
COVID-19 pandemic. Moreover, a structured questionnaire was designed
to confirm these COVID-19 challenges and assess the water sector perfor-
mance against the six resilience elements from the UK Southern Water's
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framework for organisational resilience. The survey was conducted from
May 2021 to August 2021. The main conclusions drawn from the observed
results are as follows:

• Bad debt and the COVID-19 emergency measures are recognised as the
main challenges by 21 % and 14 % of the survey respondents;

• The COVID-19 pandemic was identified as a “threat multiplier”, particu-
larly to already existing financial challenges;

• The COVID-19-related challenges has generated social, economic and en-
vironmental impacts and may lead to increased risk of water insecurity;

• The state-owned and local companies evaluated scored an almost similar
maturity level 3, 35 % and 34 % respectively, while the local companies
scored much lower at maturity level 4 i.e., 26 % as opposed to 47 % in
state-owned sector. This indicates that COVID-19 has a greater impact
on local companies and the needs to increase preparedness for response
and recovery;

• The COVID-19 pandemic increased the risk perceptions of water sector
professionals and provided opportunities for local water companies to im-
prove their resilience maturity level;

The dataset collected in this survey was used to draw generalizability
conclusions about local and state-owned companies' resilience maturity in
Brazil, despite analysing a small subset of water companies. This survey
was carried out in critical times in the water sector during Brazil's pro-
longed lockdown with knock-on effects on the water sector's activities.
This impacted the number of responses received mainly due to staff's lim-
ited availability and reachability. Many water companies, especially local
ones, still work mainly face-to-face and access via email is very difficult.
Nevertheless, the type of participants who responded was fairly distributed
and can be said that represent the sector and its approach. Future research
should further confirm these initial findings by analysing water sector re-
sponses during the pandemic on a larger scale. It would also be important
to consider the sewage-related issues in the face of COVID-19 in future stud-
ies. Moreover, future research could continue to explore how the compa-
nies' response to crisis related to their resilience maturity level.
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