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a b s t r a c t
The COVID-19 pandemic offers an opportunity to examine the impacts of system-wide crises on key supply sectors such as water, energy and food. These sectors are becoming increasingly interlinked in environmental policymaking and with regard to achieving supply security. There is a pressing need for a systematization of impacts
and responses beyond individual disruptions. This paper provides a holistic assessment of the implications of
COVID-19 on the water–energy–food (WEF) nexus. First, it integrates the academic literature related to single
cases and disruptions to provide a broader view of COVID-19 demand- and supply-side disruptions and immediate effects. Then, the major, long-term impact categories of medicalization/hygienization, (re)localization of production, and demand ﬂuctuations are highlighted. These impacts result in priority cross-links such as irrigation,
energy requirements for local food production, energy use for water and wastewater treatment, or water for energy use. Finally, sector-level insights on impacts and responses are provided, drawing from illustrative cases. The
analysis of impacts of COVID-19 on the WEF nexus reﬂects heterogeneous experiences of short-term adaptations,
and highlights the revaluation of the water–food–trade nexus. Revived debates on food sufﬁciency can beneﬁt
from green applications to minimize expected trade-offs. The current crisis also reveals some gaps in the WEF
nexus debates with regard to the lack of risk-based perspectives and the need for a better consideration of spatial
aspects in resource integration. Regarding resource-security issues in the WEF nexus, the COVID-19 stress test
boosts debates concerning the adequacy of the production value chains (e.g., contingency and storage, diversiﬁcation, and self-sufﬁciency) and the value of cross-border integration (e.g., trade, globalization, and aid).
© 2021 Elsevier B.V. All rights reserved.

⁎ Corresponding author at: Qatar University, Center for Sustainable Development, P.O. Box: 2713, Doha, Qatar.
E-mail address: malsaidi@qu.edu.qa (M. Al-Saidi).

https://doi.org/10.1016/j.scitotenv.2021.146529
0048-9697/© 2021 Elsevier B.V. All rights reserved.

M. Al-Saidi and H. Hussein

Science of the Total Environment 779 (2021) 146529

and practical adaptation strategies of the WEF sector to the COVID-19
crisis. The unique nature of the COVID-19 stress test is highlighted
using a conceptual systematization, recent literature on pandemics,
practical insights, and country-level examples from the Middle East as
a focal region. This pandemic can inform us about the merits and limits
of integrative approaches such as the WEF nexus. In view of this, the
ﬁnal section of this paper discusses the tangible impacts, critical factors
and long-term perspectives related to the COVID-19 crisis and the WEF
sectors. The main hypothesis of this paper is that COVID-19 has
redeﬁned the notion of resource security by increasing the importance
of debates on risk-based assessments and cross-border integration
and revaluing food-related aspects within the WEF nexus. Using the
Middle East as a case study, the practical relevance of the COVID-19 crisis to the core WEF nexus objectives of resource security and improved
well-being of communities is highlighted. Furthermore, by linking pandemics to the planning and management requirements of environmental sectors, this paper provides an initial examination of COVID-19 with
the goal of informing environmental policymaking in situations characterized by crisis and sudden change.

1. Introduction
COVID-19 has had wide health and economic repercussions affecting
the basic supply sectors and the environmental sector in general
(Barbier and Burgess, 2020; Cohen, 2020; Naidoo and Fisher, 2020;
O'Callaghan-Gordo and Antó, 2020). It has caused many tangible impacts such as the increase in medical waste and some improvements
in air quality and carbon emissions (Ilyas et al., 2020; Saadat et al.,
2020). In fact, COVID-19's environmental impacts have been conﬂictive.
Major recent reviews cover a wide range of impacts that vary depending
on the location, time, and the setting of COVID-19 responses (Cheval
et al., 2020; Eufemia and Hussein, 2020; Hussein and Greco, 2020;
Sarkar et al., 2021; Shakil et al., 2020). These reviews tend to contrast
the human, health, and economic cost of the pandemic with positive aspects such as reduction in emissions, pollution, or noise. However, such
positive observations are not speciﬁc to the pandemic; they can be
caused in any case of downscaling of societal throughput, and besides,
positive impacts do not always equate with positive news. COVID-19's
environmental beneﬁts are neither stable in the long term (once we
“live with” or “defeat” the virus), nor possible nor desirable to induce
again in the same manner (by arranging another pandemic).
Not unexpectedly, having fewer cars, planes and tourists translates
into less environmental damage and smaller ecological footprints, but
the repercussions of the COVID-19 crisis are both far-reaching and complex. We need to document immediate impacts, understand long-term
implications, and unfold the interrelated aspects of the COVID-19 crisis.
At the same time, investigating the signiﬁcance of this crisis as a “stress
test” for our sustainability targets, policies and management approaches
can be quite a fruitful exercise. COVD-19 is shaping the environmental
research agenda into the foreseeable future. It represents a unique experiment with long-term implications for environmental policies, climate regulations, and economics, as well as for our perception of
globalization, equity and environmental responsibility (Deslatte et al.,
2020; Helm, 2020). Several scholars have expressed how the current
pandemic can reset, onset or delay key items of the global sustainability
agenda such as the Sustainable Development Goals or the Paris Agreement (Barbier and Burgess, 2020; Cohen, 2020; Naidoo and Fisher,
2020; Rifai, 2020). In fact, our responses in terms of restarting economies, providing relief, and managing the adaptation of key environmental sectors can determine the ﬁnal outcomes in terms of either causing
more damage and inequalities or creating opportunities for a greener
and more just transition.
Water, energy and food represent the main sectors for achieving
basic supply and key environmental outcomes (Hoff, 2011; Simpson
and Jewitt, 2019; World Economic Forum, 2011). Together, they form
a water–energy–food (WEF) nexus of interlinked resource-use issues
wherein decisions or pressures in one sector have multiple consequences for the other ones (Al-Saidi and Elagib, 2017; Hoff, 2011). The
WEF nexus is a much-debated sustainability paradigm focusing on the
increased integration between the water, energy and food sectors and
the possible implications for resource security (Al-Saidi and Elagib,
2017; Hoff, 2011; World Economic Forum, 2011). COVID-19 represents
a systematic and highly relevant stress on the WEF nexus, as this paper
explains. Most research in the ﬁeld has focused on analyzing how
COVID-19 affects individual sectors (e.g., water, food and energy), but
there have so far been few holistic analyses on the cascading or crosssectoral impacts of pandemics on these vital sectors. So far, some
nexus-related studies exist measuring COVID-19's impacts on access
to water, food or energy in Africa (Durodola et al., 2020), and showcasing the relevance of COVID-19 for related nexus framings, e.g., the
water–human health–environment–nutrition nexus (Nhamo and
Ndlela, 2021).
There is a pressing need for greater systematization of the impacts of
COVID-19, including practical insights into the reactions of basic supply
sectors to the disease considering the increased integration among
these sectors. The aim of this paper is to analyze the impacts, responses

2. Methods
2.1. The systematization approach using a three-layer nexus
This paper investigates COVID-19 and its impacts on the WEF nexus
by providing a systematized or structured analysis of these impacts and
illustrating their practical relevance. To this end, the paper has a
two-part structure. Firstly, it maps global interactions using conceptualizations and recent literature (Sections 3.1 and 3.2). Secondly, it undertakes an analysis based on a case study (the Middle East) using countrylevel insights (Section 3.3). As a general approach for the systematization, we relied on the three understandings of the WEF nexus provided
by Al-Saidi and Elagib (2017), namely incorporation, crosslinking, and
assimilation. These three understanding together provide a coherent
framework for examining the interactions in the WEF nexus from
three different views: incorporation as a whole-system view
(Section 3.1), cross-linking as a partial view of certain priority tradeoffs and leverage points (Section 3.2), and assimilation as a practical
view of sectoral management (the case-study portion of Section 3.3).
Fig. 1 explains the overall layout with the aim of providing a systematization of the analysis using the framework of the three-layer nexus
put forward by Al-Saidi and Elagib (2017). The three views of the
nexus under this framework can be explained as follows: Under incorporation, the analysis is carried out using a “bird's eye view” of the
whole system and interlinkages; i.e., in our case, the totality of how
COVID-19 affects the WEF sector. This perspective aims at providing
an overview or a holistic picture of possible interactions without providing detailed sector-level or country-level details. In the cross-linking
analysis, an “inside-out view” is used to highlight the priority linkages;
i.e., which cross-sectoral issues are most affected by the consequences
of COVID-19. The cross-linking perspective is a practical view that concentrates on the intersections (i.e., links or cross-cutting impacts) of at
least two resources. In our analysis, we use both the incorporation and
cross-linking analyses to provide a global view of the COVID-19 interactions. This is carried out through conceptualizing these interactions
using recent evidence of the disruption caused by COVID-19. Finally,
using country-level examples and issues raised in the discussion section, we deploy the assimilation perspective. This perspective represents the sectoral view of sectoral managers and decision-makers
seeking to accommodate the concerns of other sectors into their strategies. Here, we highlight some preeminent management issues and provide recommendations for sectoral-level decision-making in order to
better accommodate disruptions from COVID-19 while considering
pressures from other sectors.
The three perspectives on integration in the nexus together provide
a clear and holistic picture of COVID-19 and the WEF nexus.
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Fig. 1. Linking COVID-19 and the WEF nexus: overall outline and steps.

COVID-19 impacts). The resulting set had a predominant focus on
food security. On the one hand, this apparent bias towards the food sector can reﬂect the relatively heavy impacts of COVID-19 on food security. On the other hand, it should be balanced out in our analysis in
order to cover the impacts on and interlinkages with the other sectors.
In order to overcome this bias, key papers linking energy and water securities with COVID-19 were searched for and added by the authors –
who have a background in the WEF nexus and water and/or energy sectors – to the ﬁnal dataset (43 papers). Furthermore, to provide more
cross-sectoral insights, we also studied papers with a wider focus on
the whole WEF nexus (Durodola et al., 2020; Nhamo and Ndlela,
2021), or on COVID-19's cross-sectoral environmental impacts (Cheval
et al., 2020; Helm, 2020; Saadat et al., 2020; Shakil et al., 2020;
Zambrano-Monserrate et al., 2020). Alongside the main dataset for the
ﬁrst part of the paper, other papers were used for the background and
discussion of the larger context of COVID-19 and the WEF nexus.
Alongside the analysis of the global interaction between COVID-19
and the WEF nexus, there is an urgent need to break down COVID19's impacts on critical supply sectors in order to provide practical insights and recommendations. Such a sectoral view is presented in the
case study section of this paper.
The insights from regions characterized by scarcity of natural resources and signiﬁcant anthropogenic pressures, are valuable for better
assimilation of the integrated management mindset, and particularly
when facing crises such as major health-related ones. Therefore, the
case study section focuses on the Middle East, and particularly Jordan,
Lebanon and the Gulf Cooperation Council (GCC) region. Lebanon is a
particularly interesting case due to the compounded impacts of the ongoing economic crisis and COVID-19-related food security issues. Jordan
is an exemplary case for severe water scarcity, which is exacerbated by
COVID-19's impact on both the water and food sectors. The GCC region
is usually listed among the highest-ranked countries for food security
due to the wide availability of ﬁnancial resources, but the region exhibits some of the world's largest energy and carbon footprints (due
to energy requirements for cooling or desalination) (Al-Saidi and Elagib,
2018; Al-Saidi and Saliba, 2019). It is for this reason that the impacts on
the energy sector were highlighted for this region. For the case-study
section, a Scopus search was carried out for publications from December
2019 to February 2021 with the keywords COVID-19 and Middle East,
Jordan, Lebanon, or GCC, that also include either water, energy or
food. In the resulting dataset of 117 papers, the overall majority of entries were not speciﬁc to the regional focus, or were focused on other
impacts of COVID-19 (mainly related to health). After sorting the data,
the resulting reduced dataset (only nine papers) was supplemented

Incorporation, cross-linking, and assimilation are also useful for different levels of management, namely for planning, coordination or regulation, and operational management, respectively (Al-Saidi and Elagib,
2017; Hogeboom et al., 2021). With this multi-layered investigation
(see Fig. 1), this paper can capture the impacts of COVID-19 as an additional external layer added to the complex interactions within the WEF
nexus. Traditionally, these impacts (e.g., on energy supply changes, food
and water demand changes, or waste management) have been treated
as stand-alone disruptions. In practice, however, they are often crosssectoral, with ramiﬁcations felt immediately by operational managers
in other sectors. For example, an increase in food demand means
more requirement for water, and thus more energy required for water
pumping, delivery, and treatment. COVID-19 provides a stress scenario
with simultaneous impacts across the WEF subsectors. It is also a test
case for the resilience of basic supply systems as a highly important
topic in WEF nexus research (Al-Saidi and Saliba, 2019), as well as for
the viability of current (crisis) management responses and the level of
integration in decisions affecting the WEF nexus.
2.2. Literature selection and case-study data
To carry out the analysis using the three nexus layers, we mainly relied on secondary academic literature on the impacts of COVID-19 in the
WEF sectors. There have been a considerable number of publications on
COVID-19 and the water, energy, and food sectors. A quick search of the
scientiﬁc database Scopus resulted in more than 3000 publications having COVID-19 and at least one of these sectors in the title, keywords or
abstracts. In our literature selection, we developed two databases
(Appendix A), for the global analysis and the case-study focus. For the
ﬁrst part of the paper on the global interactions between COVID-19
and the WEF nexus (the incorporation and cross-linking views), we
searched in Scopus for peer-reviewed papers for the period from December 2019 to February 2021 that include in the title, keywords, or abstract the keywords of COVID-19 and either water security, food
security, or energy security. These resource securities comprise the
major theme within debates on the WEF nexus (Al-Saidi and Elagib,
2017; Hoff, 2011; World Economic Forum, 2011). Since we aimed to
provide a global overview of interactions, no particular geographies or
cases were selected for this dataset. The resulting dataset of 274 publications was further processed to exclude irrelevant ones, namely publications that use the key terms (COVID-19 and water security, energy
security, or food security) merely as buzzwords, mainly relate to larger
impacts (e.g., economic or health impacts), or have a narrow focus
(i.e., they do not seek to provide a holistic or sector-wide analysis of
3
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post-disaster responses; e.g., discarded water bottles in post-hurricane
Haiti (Kalina and Tilley, 2020).
Demand effects such as the reduction in everyday mobility (e.g., for
work or social events) can result in lower energy requirements, and
hence some decreased demand for certain water types such as produced water. Other systematic (cross-sectoral and simultaneous) disruptions can lead to demand reductions across the WEF sectors.
Decreased leisure activities (e.g., tourism, holidays, or irregular outdoor
activities) will lead to lower demand for energy and food, and hence
water. Signiﬁcant energy-demand disruptions are expected as a result
of lockdowns and restrictions (e.g., less primary energy consumption)
(Sovacool et al., 2020), with signiﬁcant reductions in electricity demand
reported in some European countries during the ﬁrst wave of COVID-19
(Bahmanyar et al., 2020). Dietary changes can have signiﬁcant impacts,
particularly on the water sector. Healthier diets that include less red
meat are important for combatting COVID-19 (Abdulah and Hassan,
2020; Muscogiuri et al., 2020), and as a result, people might demand
less meat (which exhibits a high water footprint in its production) in
the long run. However, initial evidence from Italy, Spain and some
Latin American countries has indicated no or only a slight increase in
self-reported intake or purchase of processed and red meat in the
short term (Batlle-Bayer et al., 2020; Ruiz-Roso et al., 2020). Other studies have reported an increased intake of processed meat with a decreased intake of low-fat meat (Górnicka et al., 2020). These changes
might vary depending on culture, infection rate, and income level. In developing countries, for example, people might choose to spend less on
meat due to economic hardship. At the same time, disruptions in eating
habits (e.g., more food consumption at home) require more attention to
the food losses in households and the relocations in consumption
(Aldaco et al., 2020). Finally, increased requirements for digitalization
can have an effect on energy demands in the long term, although the
ﬁnal impact is yet to be studied.
Finally, some of the supply-induced impacts represent systemic disruptions. Mortality and morbidity affect the labor supply across industries (del Rio-Chanona et al., 2020), and particularly in critical ones
such as the food industry (Mardones et al., 2020; Parks et al., 2020;
Savary et al., 2020). The economic downturn caused by decreased or delayed consumption, trade disturbances and reduced mobility can cause
supply disruptions affecting, for example, the food trade or the production of other basic supplies (Laborde et al., 2020). Restrictions on mobility have resulted in the lack of farm labor, livelihood losses for farmers,
and other constraints on the food supply chains (Adamchick and Perez,
2020; Bochtis et al., 2020; Inegbedion, 2020; Mor et al., 2020; Niles et al.,

with media reports and publications from international organizations
(an additional seven publications) providing country-level insights
into the earlier-mentioned countries.
3. Results
3.1. Initial mapping using a bird's eye view of COVID-19 and the WEF
sectors
COVID-19 affects the basic supply sectors through a range of disruptions, which we seek to systematize in this section as well as outlining
the broad picture of interactions (the incorporation perspective). Fig. 2
summarizes this systematization. We have identiﬁed ten major disruptions relevant to the WEF sectors (Fig. 2). We also differentiate between
whether a disruption is mainly transmitted through a change in demand patterns, or a supply problem/shortage. There are relationships
among the disruptions but they can also occur independently. For example, increased hygiene habits usually lead to dangerous biomedical
waste, although this is not necessarily the case; e.g., in the case of
sound waste management or the use of biodegradable materials (Das
et al., 2020). In fact, within demand-induced disruptions, the increased
use of hygiene products and the increase in medical waste have often
been highlighted in the COVID-19 literature. The two issues mainly affect the water sector, namely deteriorating water quality or higher demand for water, and in consequence, energy demand for water
(Kalina and Tilley, 2020; Norouzi et al., 2020; Rhee, 2020; Vanapalli
et al., 2021). Water is a key instrument in the global ﬁght against
COVID-19, even in low-income countries lacking chemical-based disinfectants (Amegah, 2020; Anim and Ofori-Asenso, 2020). Hand washing,
disposal of materials used for COVID-19 control and treatment, handling
of casualties of the virus, and disinfection of affected areas are expected
to increase the demand for water and wastewater treatment, thus affecting water quality as well as quantity (Sivakumar, 2020). In the
short term, the increase in water demand might be offset by the economic downturn, and, in the long term, tackled through improved efﬁciency, innovation or (digital) monitoring (Poch et al., 2020).
Biomedical waste such as masks, gloves and other protective materials
can greatly affect water-related ecosystems and thus threaten water
supply sources, environmental health, and ultimately, human
well-being (Kalina and Tilley, 2020; You et al., 2020). For example, disposable face masks have been reported to have reached oceans in Hong
Kong, while microplastic pollution can threaten freshwater ecosystems
(Fadare and Okoffo, 2020). Some authors point to similar problems from

Fig. 2. A global overview (incorporation) of initial disruptions from COVID-19 in the WEF sectors.
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already pointed out some of the issues within this category of COVID19 impacts; for example, water pollution through biomedical waste
(Kalina and Tilley, 2020; Rhee, 2020; Vanapalli et al., 2021; You et al.,
2020), energy requirements for wastewater treatment and monitoring
(Adelodun et al., 2020; Street et al., 2020), and increased need for
water for disinfection and hygiene (Chiluba et al., 2020; The Lancet
Global Health, 2020). However, the long-term impacts of this impact
category of medicalization and hygienization are yet to unfold, and
will arguably linger for a long while. In considering these impacts,
both the environmental health and human livelihoods of communities
living in the impacted ecosystems should be analyzed (Nhamo and
Ndlela, 2021).
Secondly, several disruptions related to mobility, sickness, quarantine and changing diets translate into (re)localizations of the production
of basic supplies (Benton, 2020; Espitia et al., 2020; Pu and Zhong,
2020). In some countries, COVID-19 will result in rising demands for
local food production, and national governments may choose to reinstate food-security and self-sufﬁciency policies (Fontan Sers and
Mughal, 2020; Keulertz et al., 2020; Woertz, 2020). This impact is forcing revaluation of the crosslinks between COVID-19 and the food–water
and energy–food sub-nexuses, mainly through energy and water requirements for enhanced food self-sufﬁciency or local food policies. In
practical terms, if labor and energy should decrease for major food exporters, this may negatively impact the availability of food products
on the international market (Adamchick and Perez, 2020; Cao et al.,
2020; Erokhin and Gao, 2020). At the same time, a decrease in labor in
the agricultural sector in importing countries – due, for instance, to
travel restrictions, quarantine, and sickness – would result in increased
food demand from the international market to cover the decrease in
their national production (Hussein and Greco, 2020; Woertz, 2020). In
the long term, responses to the COVID-19 crisis might strengthen agrifood and green innovations using local or regional partnerships
(e.g., the European Green Deal initiative with the new EU Farm to Fork
Strategy) (Rowan and Galanakis, 2020). They also revalue the role of
food science in improving local food systems and enhancing foodrelated entitlements and transfers (Devereux et al., 2020), particularly
in the context of humanitarian food aid policies in vulnerable regions
such as the African Sahel (Bounie et al., 2020). For this, resilient foodsupply chains are important and they should be dealt with comprehensively by including equity considerations at the levels of individuals,
households, and communities (Gillespie, 2020). Furthermore, for
Small Island Developing States, enhancing local food security has become an even bigger priority in view of the triple burden of climate
change, COVID-19, and malnutrition (Hickey and Unwin, 2020).
Thirdly and ﬁnally, some COVID-19-related disruptions will result in
short-term ﬂuctuations in demand or capacity to produce water or energy resources. However, these might be relatively uncertain and site-

2020). Furthermore, several disruptions have been reported to the
global food trade, e.g., affecting agricultural exports from China (Cao
et al., 2020) and those developing countries highly integrated in the
global food markets (Erokhin and Gao, 2020). At the same time, the
postponements of major events, e.g., major sporting events or megaprojects, can decrease the pressure on basic supply but also affect related infrastructure development. In some parts of the world, e.g., the
Arab states of the Gulf, or some parts of Africa, megaprojects are driving
much of the newer infrastructure development and rehabilitation (AlSaidi and Elagib, 2018). Similarly, quarantine regulations can lead to a
combined disruption of both supply and demand. Conﬁnement and
travel restrictions can result in labor shortages in basic supply, especially in the agricultural sector and among seasonal workers. Developing countries exhibit the highest vulnerability to food insecurity as a
result of the COVID-19 crisis (Udmale et al., 2020). In Africa, for example, food security is greatly threatened by the COVID-19 pandemic due
to the lack of social protection and health insurance (Lawson-Lartego
and Cohen, 2020). As a result, food insecurities induced by the COVID19 pandemic can jeopardize not only human health and well-being
but also key developmental goals (e.g., the Sustainable Development
Goals (SDGs)) on the African continent (Ezirigwe et al., 2021; Nhamo
and Ndlela, 2021). At the same time, household consumption of energy
(e.g., for cooling purposes) increased in homes (e.g., around 6% to 8% in
the US) (Saadat et al., 2020), thus affecting other sectors such as water
(e.g., requirements for produced water or cooling water).
3.2. An inside-out look at key pandemic crosslinks
The inside-out view (cross-linking perspective) on COVID-19 and
the WEF nexus seeks to highlight priority crosslinks and provide an informed focus. Such a focus is required to reduce the high complexity in
terms of possible disruptions and impact directions. In order to do this,
we summarized the COVID-19 disruption categories and linked them to
WEF sub-nexuses (Fig. 3). From the disruptions highlighted earlier, we
synthesized three main impacts (i.e., categories of disruptions oriented
towards the longer term) of the COVID-19 crisis on the three basic supply sectors (Fig. 3).
Firstly, the increased medicalization and hygienization of society is
mainly affecting two sub-nexuses. This category affects the food/land–
water nexus through the pollution of (arable) land, and therefore
water sources, as well as the energy–water nexus through increased requirements for water and energy for wastewater treatment or water
production. There have been several studies highlighting the environmental interactions between COVID-19 and water use, wastewater,
soil and water pollution, and energy use for wastewater treatment
(Klemeš et al., 2020; Poch et al., 2020; Sivakumar, 2020; The Lancet
Global Health, 2020; Zambrano-Monserrate et al., 2020). We have

Fig. 3. Crosslinks between COVID-19 and WEF subsectors.
5

M. Al-Saidi and H. Hussein

Science of the Total Environment 779 (2021) 146529

result of the pandemic. This shows that in Jordan, the second most
water-scarce country worldwide, the issue was the increased demand
for water at the domestic level, which resulted in increased energy
use for wastewater treatment. Jordan has been receiving international
support throughout this pandemic to ensure water security for its population. For instance, the German cooperation effort has been working
closely with the water utilities to identify additional water sources
and aquifers in order to meet the increased water demand (MENAFN,
2020).
As regards the food sector, in Jordan the government took measures
in March and April of 2020 to ensure food security, maintaining the
food supply chain and facilitating it through digitalization of payment
transfers and movement licenses (Fathallah, 2020). However, the initial
challenges due to the curfew were barriers to the farmers in accessing
their land, and ensuring continuity of labor on the land. A recent study
on Jordan (Gerard, 2020) that focused on the ﬁrst months of the pandemic found that in the short term, the lockdown meant that countries
such as Jordan that are heavily reliant on food imports, saw the border
closures in neighboring countries and in the rest of the world as a challenge for the import and export of food products. In fact, Jordan has
taken measures to restrict food exports, a measure to enhance local
food security in the face of the COVID-19 pandemic (Nsour, 2020).
Exporting the locally produced crops was difﬁcult and led to a crisis in
which farmers were attempting to sell their excess crops for extremely
low prices. The pandemic pushed farmers and practitioners in Jordan to
reﬂect on the possibility of switching to less water-intensive crops:
“Hopefully, if COVID impacts longer into the next growing season,
they will think about it” (ibid.). According to Gerard (2020), the pandemic is impacting the agricultural sector primarily through the disruption of exports. Because COVID-19 is disrupting the food supply chain, it
has the potential to change future agricultural water use by decreasing
the amount of crops grown by farmers. However, it is unclear whether
COVID-19 is changing agricultural water use at the present time. Because most farmers had already grown most of their yearly crops by
the time of the pandemic, COVID-19 has likely had little effect on agricultural water use up until this point. Assuming the effects of the pandemic last at least until the upcoming planting season, however, it
seems likely that COVID-19 will inﬂuence agricultural water use, either
through decreases in planting or through crop switching. According to
Nsour (2020), though, “Nevertheless, overall, the Jordanian case

speciﬁc. For example, stay-at-home COVID-19 strategies increase the
demand for cooling in some regions (and heating in others), resulting
in higher electricity and water demands (Hospers et al., 2020). While
the energy demands (and electricity bills) might increase, the consumption load proﬁle can ﬂuctuate, and the willingness to conserve energy or
invest in energy management systems can increase (Chen et al., 2020).
These COVID-19-related changes might compensate each other,
e.g., increased electricity use at home and decreased energy use elsewhere. In fact, the type of COVID-19 containment measures inﬂuences
the overall consumption proﬁle (Bahmanyar et al., 2020). Due to this instability of insights, there is so far little knowledge on COVID-19-related
changes in water use for electricity supply. Similarly, disruptions due to
COVID-19 can lead to short-term ﬂuctuations in industrial and household demand for water, thus affecting the required energy input. Generally, these ﬂuctuations are expected to be less stable than those related
to the other two impact categories of local food policies and COVID-19
prevention and treatment.
3.3. Assimilating initial impacts on resource securities: the Middle East as a
case study
In this section, we highlight some sectoral or management-level perspectives on COVID-19 impacts focusing on resource-supply security
and day-to-day challenges as well as actions in the water, energy and
food sectors. These sectoral practices and impacts (Fig. 4) provide further details and country-level examples of the earlier-explained disruptions, impact categories and priority crosslinks.
In the water sector, the main direct impacts of the pandemic are the
increased use of water and the resultant contamination, and some of
the effects are translated through source-water contamination (land
for water) and increased energy use for wastewater treatment and
water supply. A recent study by Gerard (2020) analyzed the impacts
of the pandemic on water uses in Jordan and found that COVID-19 is indeed impacting current domestic water-use patterns by increasing demand by 40% and forcing residents to embrace a water conservation
mindset. This was generally seen as being due to hygiene requirements
related to the pandemic, increased water use due to being at home
rather than at school or work, and some newly adopted household activities, such as gardening. Nevertheless, interviewees also emphasized
that while in lockdown, they were more inclined to conserve water as a

Fig. 4. Overview of some sector-level interactions and impacts of COVID-19.
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people are food insecure due to record-high food price inﬂation.
Sudan currently facing strict curfew while the food price inﬂated to
82% in April compared to the previous month.
[(Plecher cited in Ma et al., 2021)]

shows how managers and policies contributed to maintaining internal
trade and food trade, and access to it” (ibid.). Moreover, the pandemic
also impacted the Jordanian food sector by pushing farmers to increase
self-production, which, in turn, increased the demand for manpower
and water resources.
In the case of Lebanon, the pandemic has worsened food security,
building on an ongoing economic and ﬁnancial crisis. In fact, since autumn 2019, Lebanon has been facing the largest economic and ﬁnancial
fallout in history, worsened by the COVID-19 outbreak. COVID-19 forced
lockdowns in April, May, and August of 2020, which severely exacerbated the economic and ﬁnancial crisis, and consequently, the food security status reached an alarming level. International media, including
the Telegraph, and the Guardian (Cheeseman, 2020; Chulov and
Zavallis, 2020), highlighted in June 2020 that Lebanon was experiencing
a food crisis, that “People will die within months,” and that “The Lebanese are at risk of famine.” These alarms regarding a heightened state
of food insecurity have been expressed for other developing countries
(Erokhin and Gao, 2020; Lawson-Lartego and Cohen, 2020), but
Lebanon has proven particularly vulnerable due to the underlying economic problems. In Lebanon, people living in poverty are no longer
able to buy all their needs, as prices of commodities and foodstuffs,
even fruits and vegetables, increased by 58.43% since September 2019
when the tumbling of the Lebanese pound, pegged to the US dollar, initiated chaos. A recent report carried out by the World Food Program
(2020) in June 2020, assessing the impact of the economic and
COVID-19 crises in Lebanon, showed that the price of the Survival Minimum Expenditure Basket (SMEB) has been steadily increasing over
time with cumulative inﬂation of 109% compared to the prices in September 2019. Amid this economic crisis, further exacerbated by the pandemic, in August 2020 – following the massive explosion at Beirut port –
some of the grain reserves of the country were destroyed, and the naval
food trade interrupted, pushing Lebanon further towards a food crisis. In
this context, Lebanon is experiencing a food crisis in terms of affordability of food, as extensive segments of society who are living in poverty
are not able to access food. Rural communities are therefore increasing
the self-production of agricultural goods, and in turn increasing the demand for water resources. Moreover, recent research also conﬁrms that
the situation is particularly challenging in the Syrian refugee camps in
Lebanon, where the quality of water was already an issue (Kassem
and Jaafar, 2020). In this context,

Sen (2020) notes that the impacts of the pandemic are also very visible in countries already facing political or economic embargos, blockades, and restrictions, such as in the case of Gaza. Smith and
Wesselbaum (2020) point out that COVID-19-related food insecurity
can act as a multiplier of the pandemic's impacts on health and
human well-being, and as a result, it can also lead to increased rural–
urban and international migrations.
In the energy sector, the immediate impacts of the COVID-19 pandemic are reﬂected in ﬂuctuating energy demands. Overall, the lockdowns and commercial restrictions seem to have lowered the overall
demand for primary energy and electricity (Bahmanyar et al., 2020;
Sovacool et al., 2020), although such reductions seem not to apply to
the residential sectors. In New York during the lockdowns, for example,
most households surveyed reported increased electricity usage and no
morning or evening peaks during weekdays, with the lockdowns seeming to make weekday consumption curves similar to pre-COVID-19
weekend curves (Chen et al., 2020). Such a change in the electricity consumption proﬁle indicates the revaluation of the water–energy link for
management of the energy sector. This is more evident with regard to
water requirements for cooling, particularly in hot and arid regions
such as the GCC region. In Kuwait, for example, during the COVID-19related lockdowns in 2020, there were noticeable reductions in energy
consumption in governmental, industrial and commercial sectors, but
an increase in power consumption and peak load in the residential sector (although less than the decreased load in other sectors), which
accounted for over 80% of power consumption during the lockdown
(Alhajeri et al., 2020). In the context of the hot and dry (and thus
water-scarce) region of the Gulf Cooperation Council (GCC), most electricity consumption is used for space-cooling (up to 50% of total and 70%
of peak electricity consumption in the GCC) (Eveloy and Ayou, 2019).
This comes with a water footprint depending on the type of cooling system used (e.g., water usage in water-cooled chillers for large buildings
or in district cooling for whole neighborhoods). The energy issue is especially important for GCC countries in terms of meeting the high domestic energy demands, but it should also be contextualized within
the global ﬂuctuations in oil prices that also impacted the GCC oilproducing countries (Jaffe, 2020). In response to this, GCC governments
have in the past adopted measures to mitigate production ﬂuctuations
and ensure energy security in general. They have invested in the use
of energy-efﬁcient (and thus more climate-friendly) cooling technologies such as district cooling, which has 18–55% lower energy consumption, and 20–30% lower life-cycle cost than current cooling alternatives
(Alajmi and Zedan, 2020). District cooling in the GCC region is mostly
used for residential areas, the water source for which can theoretically
stem from freshwater, desalinated water or treated wastewater
(Alajmi and Zedan, 2020; Eveloy and Ayou, 2019). However, the supply
of water is the main concern for district cooling companies in the region
(10% of the plants' operational costs), and has been largely covered
through desalinated water due to past concerns of these companies regarding corrosion and fouling associated with the use of seawater or
treated wastewater (Rajan, 2009). In this context, managing any ﬂuctuations in energy and cooling demands in the context of the COVID-19
crisis is linked to several water-related concerns.

It is evident that sufﬁcient access to clean water and sustainable
treatment of wastewater are critical for the health of the refugees
and the hosting communities, especially during the unfolding
COVID-19 pandemic. Failure to address these issues promptly might
lead to severe disease and outbreaks in these populations.
[(Kassem and Jaafar, 2020)]
A recent study on Jordan by Elsahoryi et al. (2020) suggests that the
pandemic and the quarantine and other measures taken in response
had an impact on food security. They recommend identifying appropriate strategies in order to support individuals at higher risk, including
factors such as “the number of persons in the family, younger adults
(18–30 years old), and those who do not own their houses” (Elsahoryi
et al., 2020). Woertz (2020) highlights that especially in the GCC, it is
necessary to ensure accessibility to food for the most vulnerable and
marginalized members of the society (such as migrant labor) and considers also introducing policy measures for their support, such as a potentially “politically controversial” safety net.
As noted by Ma et al. (2021), food security is also strongly affected in
fragile states and those facing conﬂicts and political instability. They
conﬁrm that Yemen, Sudan and Syria are among the most vulnerable
states when it comes to food security. The pandemic is, in fact, further
exacerbating an already vulnerable situation:

4. Discussion and the way forward
The current COVID-19 crisis is argued to be representative of the notion of modern risks associated with global change (e.g., in the climate
or the earth's biodiversity) and increased integration between economies (i.e., globalization and increased mobility) in an era shaped by
human alterations (the Anthropocene) (Manzanedo and Manning,

Prior to the pandemic, over 80% of Yemen's population are dependent on food aid and facing acute food insecurity. In Syria, 9.3 million
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integration within the nexus, has been attributed to endogenous
(e.g., socio-economic change in infrastructure, policies or lifestyles) or
exogenous (e.g., climate, technological and market-related changes)
factors (Abulibdeh et al., 2019). This core focus of the WEF nexus on
change, integration and securities has been enriched by debates on
the importance of sustainable livelihoods and environmental considerations (Biggs et al., 2015; Hellegers et al., 2008).
The COVID-19 pandemic particularly highlights two gaps in the current debates. Firstly, the impact of pandemics on resource integration
has not featured highly in previous WEF nexus debates, but the expected impacts (e.g., disruptions, or revaluation of food-security links
to water and trade) might not necessarily result in new interlinkages.
Moreover, COVID-19's impacts are reminders of the broader point
with regard to redeﬁning the security debate within the WEF nexus.
So far, the bulk of resource-security debates have focused on aspects related to stability (regulating the integrated resource-supply systems
through policies, rights or incentives) and reliability (improving performance, efﬁciency, or coverage) (Al-Saidi and Saliba, 2019). COVID-19
highlights the need for security assessments and risk perspectives focusing on the highly integrated resource-supply systems, such as issues
related to risk management, resilience assessments, or storage and contingencies. The resilience perspective is a highly demanded but rather
underrepresented theme within the WEF nexus debates (Al-Saidi and
Saliba, 2019; Hogeboom et al., 2021). Secondly, spatial aspects need to
be reexamined and better analyzed in the WEF nexus. This includes a
deeper consideration of cross-regional interdependences or trade issues, globalization, relocations of production, or international collaboration (e.g., for aid or short-term supply compensation).
In summary, we highlight the following points regarding the way
forward for integrating insights from the COVID-19 crisis into the current research and debates within the WEF nexus:

2020; McNamara and Newman, 2020; Norouzi et al., 2020; O'CallaghanGordo and Antó, 2020). It is also revealing of the limits and interdependence of today's environmental policy-making related to natural resource management and supply security. In this context, in this
section, we discuss the short- and long-term implications of COVID-19
for management responses in the WEF sectors, and draw lessons for
the nexus paradigm. Firstly, with regard to short-term implications, the
COVID-19 crisis has translated itself broadly into immediate disruptions
and persistent ﬂuctuations in demands. We highlighted the nature and
interrelations of these impacts, while the management responses are
still underway. These responses can be characterized as coping mechanisms that vary from one case to another and that can result in tradeoffs with long-term policy objectives; e.g., ad hoc or unplanned responses can affect the long-term, planned development or the resilience
of a certain sector. More developed countries (particularly those prone
to disasters or disruptions) might be economically more resilient and
have better anticipation and adaptation strategies in place, while the
picture is more heterogeneous in developing ones. In Australia, for example, disruptions in the water systems are not new due to recurrent
extreme events (e.g., drought or ﬁres), and thus knowledge, monitoring
systems, danger signals, and regulations already exist to some extent
(Daniell, 2020). In the energy sector, short-term ﬂuctuations seem to
be well handled, arguably due to the overall energy-decreasing effect
of COVID-19, for example, in India where no noticeable power interruptions were observed (Madurai Elavarasan et al., 2020). As noted earlier,
the food-related disruptions have been signiﬁcant in some developing
countries, while the efﬁcacy of responses often depends on the quality
of ad hoc decisions and international aid (Bounie et al., 2020; Lewin,
2020). Importantly, the ability to deal with sectoral supply disruptions
is a function of the overall management of the COVID-19 health crisis,
as well as the level of success in managing the associated panic,
installing trust, and improving the quality of communication and information (Mocatta and Hawley, 2020).
In the long term, the COVID-19 crisis is expected to lead to revaluation of some issues and links in the WEF nexus. From our previous analysis, the water–food–trade sub-nexus seems to stand out. National
food-security priorities might be revisited in light of the debates
reignited by the current crisis regarding self-sufﬁciency, trade risks,
resilient value chains and production relocations. Here, negative longterm impacts on national water and energy footprints are not necessarily pre-programmed. Several options have been put forward for enhancing local and sustainable (i.e., low-carbon and water-efﬁcient) food
production in a post-COVID-19 world; e.g., using smart agriculture, traditional irrigation, or integrated greenhouses (Awjah Almehmadi et al.,
2020; Chazarra-Zapata et al., 2020). It is important also to incorporate
food-security approaches linking human health and well-being to environment health (Nhamo and Ndlela, 2021), and to reﬂect the important
issues of equity, food access for vulnerable groups, and fair food prices
(Clapp and Moseley, 2020; Gillespie, 2020; O'Hara and Toussaint,
2021). These suggestions on the way forward go hand in hand with
long-term recommendations for the energy sectors to accelerate the energy transition in a holistic way (including commercial availability,
planning institutions, and public participation) (Vanegas Cantarero,
2020), and to advance renewables on different regional scales
(i.e., also for rural areas or residential uses) (D'Adamo et al., 2020;
Madurai Elavarasan et al., 2020). Such recommendations are in line
with the current debate about the “green recovery” from COVID-19;
e.g., pro-environment ﬁscal stimulus, comprehensive sustainability
spending (Green New Deal), and support for green investments
(Mukanjari and Sterner, 2020; Rosenbloom and Markard, 2020;
Sovacool et al., 2020).
Finally, there are some implications of the COVID-19 crisis related to
the merits and current limits of the integrative approach of the WEF
nexus. In this paper, the analysis of impacts, responses and new debates
reiterates the importance of integrated perspectives and the notion of
change in analyzing the three resources. Such a change, which drives

• Security-based assessments within the WEF nexus should better incorporate risk- and shock-related aspects, while the focus should
not only be on the nature of short-term disruptions. The postpandemic research can capitalize on long-term lessons learnt in
order to re-examine the issues of resource security and integration
within the WEF nexus. Related to this, resilience-enhancing strategies
that consider integration among the WEF sectors are essential, and
they should be prepared in advance in order to avoid ad hoc or suboptimal reactions to sudden shocks.
• During the COVID-19 pandemic, food security has emerged as the
primer for understanding resilience and vulnerability within the
WEF nexus. Particularly in developing countries, it is important that
food-related aspects are addressed within the nexus. They can be
approached through a re-thinking and re-optimizing of the use of resources (land, water, and energy) towards more sustainable (i.e., a
green agri-food industry) local food production.
• COVID-19 has highlighted the temporal aspects of resource-supply security within the WEF nexus since negative impacts on the food, water
and energy sectors are transmitted at different speeds. While it can be
possible to provide short-term and local alternatives to water and energy supplies, food-supply shortages are immediately felt and difﬁcult
to compensate for. Water- and energy-related disruptions can also be
unstable or temporary, or, if sustained in the long term, lead to exacerbated food crises. Here, it is important to address the temporality
of the WEF nexus interlinkages in a way that can enhance resource
supply security; e.g., through a better understanding of contingency
planning or the nature of adaptations within the nexus.
• Cross-boundary spatial aspects have been pushed to the forefront by
the COVID-19 pandemic, although they have not featured highly within
the traditional WEF nexus debates on integration and security. Future
WEF nexus analyses should relate more to international aspects
highlighted by global shocks; e.g., food–water and trade (aspects of optimal integration, dependence, and responsibility) as well as food–
energy–health and international cooperation (e.g. state-based
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objectives. Here, incorporating green or sustainable resource-production
systems can help in minimizing trade-offs of production relocations;
e.g., sustainable agriculture, use of renewables, recycling, and smart and
efﬁcient systems. At the same time, this crisis reveals some gaps in previous integration and security debates within the WEF nexus. These gaps
relate to the need for a more risk-based perspective on integration and resource security as well as better incorporation of spatial aspects (beyond
the local) in analyzing interdependences and linkages among the vital resources of water, energy and food.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2021.146529.

cooperation/geopolitics, international aid, access, or justice).
• Beyond the immediate environmental impacts of health-related crises,
the COVID-19 crisis has spawned new, cross-sectoral issues. For
example, the medicalization and digitalization of societies as well as
the relocation of production might be sustained for some time to
come, thus leading to profound impacts on the use and integration of
water, energy and land resources. These emerging or accelerating issues
need to be monitored and probably integrated within future WEF nexus
debates.
5. Conclusions

CRediT authorship contribution statement

So far, research related to COVID-19's environmental impacts has focused on describing individual disruptions, analyzing short-term drawbacks and beneﬁts, and stating long-term perspectives for the
sustainability agenda. However, this pandemic represents a unique
and systematic stress test that goes beyond single natural-resources
sectors and requires analysis beyond immediate or temporary symptoms. It is, therefore, important to provide a systematization of impact,
current responses and long-term perspectives of COVID-19 with regard
to the three increasingly interlinked sectors of water, energy and food.
The cross-cutting ramiﬁcations of the pandemic provide an additional
layer of complexity and urgency in studying integration within the
WEF nexus, and the potential consequences on our understanding of
environmental or resource-supply security. This paper carries out this
systematic analysis in three steps: i) a global or “bird's eye” view of disruptions, ii) an “inside-out view” of preeminent linkages and priorities,
and iii) a “managerial view” of country-level responses in assimilating
COVID-19 cross-sectoral impacts. In the broad or global picture, we
highlighted how supply and demand disruptions associated with
COVID-19 can result in multidirectional effects that can last for years
to come. Some of these disruptions (e.g., decreased leisure activities, restrictions on mobility, economic downturn, and postponement of activities) cut across the WEF sectors, while many of the predicted
production and demand ﬂuctuations might be unstable and dependent
on the localized nature of disruptions.
On the priority crosslinks, we synthesized three main impact categories of COVID-19 and discussed the priorities and cross-sectoral issues.
Firstly, the increased medicalization and hygienization are associated
with increased requirements for wastewater treatment (hence more energy use) and the protection of water sources and arable land from pollution and contamination. Secondly, the (re)localization of production
seems to increase tendencies for local food production, thus increasing
pressure on water for irrigation and energy use in local agriculture.
Thirdly, ﬂuctuations in demand can bring uncertain pressures on the
water–energy interlinks; e.g., water for cooling requirements, or energy
for water production. Regarding the managerial responses, we
highlighted several sectoral experiences from case studies, particularly
from the Middle East, showing largely overwhelmed institutions and ad
hoc reactions, particularly with regard to food-security impacts. These
sectoral responses also conﬁrm the identiﬁed trends such as the localization of food production, increased pressures on water resources, and ﬂuctuations in energy demands.
Finally, the COVID-19 crisis offers an opportunity for reﬂection on
management responses across the WEF nexus sectors. In the short term,
these responses seem to be variable and largely dependent on the overall
quality of pandemic management, but also on the existing local capacities
in the WEF nexus to withstand the COVID-19 storm. With regard to
resource-supply security, the developed and disaster-prone countries
might be well prepared, whereas developing countries' experiences are
heterogeneous, with factors such as trade dependences, aid ﬂow, and adequate communication proving important. In the long term, the COVID19 crisis forces revaluation of the water–food–trade nexus as it revives debates about self-sufﬁciency, supply security, and local food production.
These debates should also be linked to broader issues of livelihoods, environmental protection and sustainable development as overarching
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