& frontiers | Frontiers in

ORIGINAL RESEARCH
published: 20 May 2022
doi: 10.3389/fsufs.2022.748343

OPEN ACCESS

Edited by:

Zoe Courville,

Cold Regions Research and
Engineering Laboratory, United States

Reviewed by:

Luxon Nhamo,

Water Research Commission,

South Africa

Nicholas R. Magliocca,

University of Alabama, United States

*Correspondence:
Bassel Daher
bdaher@tamu.edu

Specialty section:

This article was submitted to

Social Movements, Institutions and
Governance,

a section of the journal

Frontiers in Sustainable Food Systems

Received: 27 July 2021
Accepted: 27 April 2022
Published: 20 May 2022

Citation:

Daher B, Hamie S, Pappas K and
Roth J (2022) Examining Lebanon’s
Resilience Through a
Water-Energy-Food Nexus Lens.
Front. Sustain. Food Syst. 6:748343.
doi: 10.3389/fsufs.2022.748343

Check for
updates

Examining Lebanon’s Resilience
Through a Water-Energy-Food Nexus
Lens

Bassel Daher%%*, Silva Hamie*, Konstantinos Pappas "* and Julie Roth*

! Texas A&M Energy Institute, Texas A&M University, College Station, TX, United States, 2 Department of Biological and
Agricultural Engineering, Texas A&M University, College Station, TX, United States, ° Bush School of Government and Public
Service, Institute of Science Technology and Public Policy, College Station, TX, United States, # Bush School of Government
and Public Service, Texas A&M University, College Station, TX, United States, ° Borders & Migration Program, Bush School of
Government and Public Service, Mosbacher Institute for Trade, Economics, and Public Policy, Texas A&M University, College
Station, TX, United States

Lebanon faces a mix of underlying political and economic challenges, shocks, and
triggering events that threaten the sustainability and resilience of its interconnected
resource systems. The complex nature of these pressures begs for a systems approach
to better understand the existing interconnections and to support the co-creation of
cross-sectoral solutions to address them. This article specifically aims to: 1) conduct
a scoping review of the existing literature and current events to identify interconnections
between water-, energy-, and food-related challenges as they relate to the underlying
conditions and triggering events at play in the context of Lebanon; 2) highlight ways in
which the Water-Energy-Food (WEF) Nexus is a useful lens through which to understand
and act upon issues at different scales; and 3) identify emergent themes including
decentralization and systems thinking and their roles as catalysts toward more resilient
resource systems. The examination concludes with two main recommendations: first,
to create platforms and opportunities for interactive resource planning and decision
making to facilitate systems-thinking for top-down WEF management; and second, to
empower decentralized initiatives at the local level to build resilient, bottom-up solutions
to WEF challenges.

Keywords: security, integrative planning, decentralized approaches, compound shocks, systems thinking

INTRODUCTION

Viewing water, energy, and food (WEF) resources as an interconnected system of systems has
become a increasingly popular among researchers and policymakers during the past decade
(Gain et al,, 2015; Garcia and You, 2016; Hogeboom et al., 2021). At the same time, the
WEF Nexus is still broadly defined and can be applied in many contexts. Through providing
different conceptualizations and frameworks of the resource system interconnections, trade-offs
and opportunities for cooperation between sectors can be identified. That is happening at a time
of growing awareness and consideration among governments and international organizations
about the role of the sustainability of interconnected resource systems in impacting security and
resilience, at different scales. Resilience, a newly popularized term, has been defined in a variety
of ways. Some see resilience as the potential of a system to maintain its functionality, structure,
and feedbacks by reorganizing in response to disturbances (Walker et al., 2002, 2004), while others
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define resilience as the ability of a system to remain within
critical thresholds while adapting and changing (Folke et al.,
2010). Resilience has been defined as a set of categorical
reactions to disturbances (Béné and Doyen, 2017) or used to
describe specific system features or specific types of shocks
(Carpenter et al., 2001). The link between resilience and the
interconnected resource systems warrants further delineation.
For this research, we consider resilience as the ability of a system
to withstand and recover from shocks, in this case, with a
specific focus on the ability of water, energy, and food systems
to recover from both natural and manmade shocks in Lebanon.
As resilience becomes a topic of greater interest within WEF
Nexus research, it is important to identify examples of resilience
across the interconnected resource systems. It is also important to
identify the connections between shocks and resource systems to
determine when and how an integrated nexus approach is useful.
The context of Lebanon is one with many challenges and factors
affecting interconnected resource systems, and thus, it is an ideal
case study for integrative evaluation of these resource systems as
relates to the underlying political, economic, and social factors
present in the country. The recent social, political, and financial
shocks affecting Lebanon make it a unique study to see resilience,
or lack thereof, in action.

This paper has three main objectives: first, it aims to conduct
a scoping review of the existing literature and current events
to identify interconnections between water-, energy-, and food-
related challenges as these relate to the underlying conditions and
triggering events at play in the context of Lebanon. Second, it will
use the review to highlight the ways in which the WEF Nexus is a
useful lens through which to understand issues at the national,
local, and even individual level. Third, it identifies emergent
themes including decentralization and systems thinking and
their roles as catalysts toward more resilient resource systems
by drawing from existing examples that highlight successful
strategies and useful opportunities.

THE WATER-ENERGY-FOOD NEXUS

The past decade has seen a growth in the body of literature
exploring water, energy, and food security interconnections (Sims
and Dubois, 2011; Rogers, 2017; Simpson and Jewitt, 2019;
Hogeboom et al., 2021). The concept first arose with a focus
on water: understanding how the technical processes related to
energy production utilize water, and how water management
processes utilize energy (Siddiqi and Anadon, 2011). This
interdependency soon spread to include the agricultural sector,
which depends on both water and energy (Sims and Dubois,
2011; Rogers, 2017). Understanding the interconnectedness
of these key resources provides valuable insights into the
factors supporting human, social, and political security (World
Economic Forum, 2017). Policy makers have increasingly
recognized the value of a WEF Nexus approach in understanding
complex resource challenges, even though its application remains
limited (Gain et al., 2015; Garcia and You, 2016).

One trend over the past decade is the securitization of
the WEF Nexus, as described by Leese and Meisch (2015).

This dialogue demonstrates a shift from a normative focus on
distributional justice to a focus on the sustainability of water,
energy, and food systems for the sake of long-term security.
Security often describes the overarching durability of the WEF
Nexus, while resilience describes the ability to endure and recover
on a smaller scale (Allouche et al.,, 2014; Leese and Meisch,
2015; Simpson and Jewitt, 2019). Resilience is a term used in
many disciplines and is applied to the WEF Nexus to describe
systems that are sustainable and capable of quickly recovering
from shocks. An in-depth review of WEF resilience literature
by Hogeboom et al. (2021) found that resilience sometimes
describes holistic sustainable ecological systems and, at other
times, describes the specific resilience of a single feature of the
system. Much of the literature focuses on creating theoretical
conceptualizations of resilience for the WEF Nexus or describing
management and infrastructure for resilience (Hogeboom et al.,
2021). For this research, we consider resilience as an aspect of
security that describes the ability of a system to withstand and
recover from shocks.

In addition to the different systems with which the WEF
Nexus interacts, there is the question of scale. Although the WEF
Nexus was originally conceptualized with a normative focus on
fair distribution of resources for the most vulnerable, much of
the current literature emphasizes large-scale security issues at
the national and international level (Leese and Meisch, 2015).
Sustainability at the system level rarely incorporates sustainability
of the livelihoods interacting with the nexus, although the
literature has recently begun analyzing how it applies to
smaller scales. Biggs et al. (2015) argue that the WEF Nexus
approach often looks at “top-down,” large-scale resources, which
may not predict results at the livelihood level. Consequently,
the authors argue that incorporating a livelihood perspective
can reveal bottom-up approaches and local opportunities to
strengthen the operationalizing of nexus solutions. Simpson
and Jewitt express concern that the “securitization” of the
WEF Nexus has led to a neglect of livelihood and local-
level results and reveal a tension between a security-oriented
approach and an approach that considers fair distribution of
resources. They argue that both perspectives must be considered
to achieve the best results (Simpson and Jewitt, 2019). It
is especially important at the local level, where the water,
energy, and food systems may never have been conceptually
separated (Allouche et al, 2015). WEF Nexus thinking is
also vital for rural areas not reached by centralized systems
(Leck et al., 2015; Terrapon-Pfaff et al., 2018).

Although the WEF Nexus focuses on supply and demand,
resource limitation, and competition between the three sectors,
analyzing small units of societal demand can clarify consumptive
patterns and inform the most effective management policies
and recommendations (Hussien et al., 2017). There has already
been research done to this effect, both in developing models for
understanding consumption and in regarding the usefulness of
specific household-level recommendations (Hussien et al., 2017;
Foden et al,, 2019). In this study, we aim to build on the WEF
Nexus literature and explore critical questions at the interfaces of
the interconnected resource systems in the context of Lebanon,
and to highlight both small- and large-scale themes.
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METHODOLOGY

This research was carried out as a purpose-specific scoping
review of Lebanon’s current context. This method, based on the
methodological framework described by Arksey and O’Malley
(2005), prioritizes exploring a broad topic with a wide range
of source types. The purpose of this review is to explore the
usefulness of the WEF Nexus lens for understanding system
interconnections and issues at different scales. This review
identifies and maps key characteristics or factors (Munn et al.,
2018) related to the WEF Nexus lens in Lebanon. In order to
capture relevant literature from a broad set of topics related to
our specific purpose, the characteristics and factors found in the
initial reviews were mapped to inform additional review. The
method can be broken down into two parts (Figure 1). First,
reviews of topics related to water, energy, and food in Lebanon
and to the underlying factors affecting water, energy, and food in
Lebanon were done. Next, an evidence summary of more recent
works on the current situation in Lebanon was done. Evidence
summaries are part of the “continuum of rapid reviews” and are
appropriate for this topic because they “serve as an informative
brief that prepares stakeholders for discussion on a policy issue”
(Khangura et al., 2012).

The methodology of a scoping review is to identify the
research questions, identify relevant studies, select studies to
review, and chart the data (Page et al., 2021). The questions
that guided this review are: 1) what are the interconnections
between water-, energy- and food challenges as they relate to
the underlying conditions in Lebanon?; and 2) what are the
interconnections between water-, energy-, and food challenges
as they relate to the current situation and recent events in
Lebanon? The process for identifying relevant studies to review
was different for each part and is described further below.

Part 1: WEF and Underlying Factors

Relevant studies were identified to determine the characteristics
of the interconnections related to the guiding questions. The
Texas A&M EBSCO Discovery Service was used to find
relevant academic literature. The search terms “water; “food,
“agriculture,” “energy,” “electricity,” and “WEF Nexus” were
paired with “Lebanon.” Reports from recognized international
organizations, such as the International Monetary Fund (IMF),
the United Nations (UN), and the World Bank that were related
to the search terms and Lebanon, as well as documents from
Lebanese government entities related to the search terms were
also collected. Next, backward citation searching was used to
identify additional relevant literature from the sources identified.
If the authors identified gaps in the information or narrative,
additional searches for relevant sources were done through
Google Scholar. Literature that was not relevant to the search
terms was excluded. Literature was not excluded based on year
or document type. Only English language sources were used.

In addition to collecting literature relating to Lebanon’s water,
energy, and food, the authors mapped the underlying political
and economic factors that were either identified in the literature
or identified by the authors as longstanding challenges to WEF
Nexus management in Lebanon. Lebanon’s unique confessional

system of government has been highlighted in much of the
academic literature on political factors in Lebanon (Bieber, 2000;
Bordenkircher, 2020; Ramadan, 2020). By reviewing literature
on the political system and the literature gathered from the
WEF Nexus review of Lebanon, the authors identified additional
themes, including reliance on external actors, corruption, and
mismanagement. Once the authors agreed on the set of
underlying political and economic factors affecting Lebanon,
the same steps to identify relevant literature for the underlying
challenges were done using the search terms “corruption,’
“management,” “confessional,” “political,” and “economic,” which
were all paired with “Lebanon.”

Part 2: Triggering Events, Impacts, and

Outcomes

Next, the authors identified salient events that had triggered
the multifaceted crisis in Lebanon. Many of these events were
ongoing or recent, with new information being published daily.
As aresult, the authors concluded that a rapid scoping review was
warranted to capture as much relevant, up-to-date information
as possible. This part takes after elements of the method outlined
by Khangura et al. (2012) to create an evidence summary, which
include a systematic literature search, screening and selection of
studies, and narrative synthesis.

The need for rapid study is based on the policy relevance of the
findings and the recent nature of the events being analyzed. There
is a need for a systematic organization of the many current and
interconnected factors and characteristics outlined by the review.
Furthermore, academic and gray literature is slow to capture
many of the current details relating to the situation in Lebanon.
The key allowance of the rapid review is the flexibility to use
recent, non-academic sources, such as news articles to summarize
the current context of Lebanon (Munn et al., 2018). The authors
continued to search for information on current events through
July of 2021, when the article was submitted.

To answer the second research question, the same steps were
carried out to search for literature, this time using the search
terms “refugee;” “financial,” “COVID-19;” “port explosion” and
“geopolitical,” each paired with either “Lebanon” or “Lebanon
news.” Searches of well-known news sources (such as the New
York Times, Al Jazeera, Reuters, and the Associated Press)
and Google searches were done for additional relevant sources.
Sources were excluded if they did not provide information
relevant to the search terms. Only English language sources
were used.

To determine the reliability of the non-academic sources, the
authors determined if the source met one of three additional
inclusion criteria: 1) The source written by a well-known news
organization, non-profit organization, or research organization,
2) The facts provided by the literature were corroborated by at
least one other piece of literature from a different author, or 3)
If neither of the first two criteria were true, and the literature
presented information that no other source had described, the
authors evaluated if the source should be included.

Given the contemporary nature of the events covered in this
part, there is a lack of up-to-date academic literature. As a result,
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(Figures 3 and 4)

FIGURE 1 | Overarching methodological approach.
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this review includes non-academic sources that may have bias.
The authors limited bias in the report by 1) including a broad
array of sources and 2) using the sources to gather facts or
narrative details, rather than opinions or analysis. Despite the
heavy reliance on news articles and gray literature, this evidence
summary of the current crisis offers a significant contribution by
organizing recent information that has not yet made its way into
the academic realm.

Finally, the authors identified impacts and outcomes of the
events based on the review. Because of the interconnectivity
of recent events, factors could be both triggering events
and impacts. Additional searches were then done pairing
the identified impacts, outcome, and event terms with water,
energy, and food terms to find sources that highlighted WEF
Nexus connections. Additional terms were searched for relating
to the impacts and outcomes. Terms included “shortage’
“unrest,” “protests,” “immigration,” “emigration,” and “brain
drain.” Results were evaluated with the same inclusion and
exclusion criteria.

The findings are presented according to Khangura et al’s
methodology, which calls for a narrative synthesis of the
literature. The synthesis does not present information in the
order it was found, instead, information is presented in the order
that builds a cohesive narrative. This organization of existing
knowledge is a key contribution that highlights connections

between complex and constantly changing issues in Lebanon.
After the whole scope of the information was organized,
prevalent emergent themes were highlighted, with a focus on
themes that are relevant to policymakers.

THE CONTEXT OF LEBANON

The underlying political and economic challenges, shocks, and
triggering events highlighted in Figure 2 show the complex
web of intertwined factors influencing the water, energy, and
food sectors. The impacts and outcomes listed result from a
culmination of many challenges. Addressing any of the issues
affecting Lebanon requires a system-level understanding of the
relevant interconnections.

Underlying Political and Economic

Challenges in Lebanon

Although Lebanon faces many challenges in managing its water,
energy, and food resources, underlying political and economic
challenges lay the foundation of Lebanon’s current situation and
continue to hinder the establishment of an integrated approach
to natural resource management. Lebanon’s political structure
is one such underlying factor: the confessional system requires
the president, prime minister, and speaker of the parliament
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FIGURE 2 | The long-term underlying conditions, compound shocks and triggering events, and impacts and outcomes.

to be a Maronite Christian, Sunni, and Shi’a, respectively.
An early attempt to strengthen national identity after the
1958 civil war failed because it was not backed by political
reforms to address changing demographics and the balance of
power between the confessions (Bieber, 2000). Although there
were national dialogues during the 1975 Civil War, these did
not establish permanent inter-confessional discussion platforms
(Wihlisch, 2017). While national dialogues resumed in 2006,
and have occurred more frequently since then, demographic and
confessional identities are far stronger than the national identity,
hindering political cohesion at all levels of government (Bieber,
2000; Wihlisch, 2017).

Politics in Lebanon have been characterized by many parties,
but parties are often centered on a single leading politician, rather
than on set structures or specific platforms. While the Lebanese
electoral system recognizes politicians according to their religion,
constituencies are regional. This makes politicians representative
of one religious group but sometimes requires them to cater
to other groups within their region. Although this arrangement
sometimes fosters cooperation, it often weakens the legitimacy
of politicians in the eyes of their constituencies. Because of this,
the coalitions that form between parties are often the result of
individual agreements between leading politicians rather than
representative of broader political cooperation (Bieber, 2000).

The confessionalist system has many limitations; major policy
decisions must be approved by the president, prime minister, and
house speaker. Generating such consensus often leads to political
impasse. Other features of the system, such as the ability of the
cabinet minority to veto policy decisions, encourage political
standstills and prevent the government from effective action
(Ramadan, 2020).

Another related factor is the longstanding “patron-client
syndrome,” common in Lebanese politics and dating back to
Lebanon’s time under French mandate. Due in part to the
lack of a cohesive national identity and in part to the general
inefficiency of domestic institutions, political groups rely on
outside actors for support and forego reliance on national
enforcement mechanisms to strengthen the state’s legitimacy.
As a result, inter-group conflicts and division are exacerbated:
Lebanon is frequently involved in external actors’ interests,
and political accountability and enforcement are weakened
(Bordenkircher, 2020).

The weak state and confessionalist system have fueled
corruption, which is common in Lebanon. Political elites have
used political fragmentation to justify corrupt practices, arguing
that corruption is necessary to ensure favorable distribution of
resources and power (Kechichian and Cortes, 2021). Without
existing ethical norms surrounding corruption in the political
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FIGURE 3 | Summary of the key challenges within and across the interconnected resource systems (El-Fadel et al., 2000; Bassil, 2010; OECD IEA, 2014; UNDP,
2014; ESCWA, 2016; Karnib, 2016; Soyres and Nakhle, 2019; MOA, 2020; Moore and Collins, 2020).

food storage at national and
individual scales

system, corruption has become common among political elites,
both as a practice and as an issue to decry (Kechichian and Cortes,
2021). The clientelism between firms and regulatory institutions
has been shown to decrease job creation and productivity (Diwan
and Haidar, 2019). In the face of the ineffective governance
system, corruption in its many forms has become a remedy for
bureaucratic stagnation. Petty bribery and corrupt arrangements
are often seen as necessary mechanisms to function in the judicial
and welfare systems, political administration, and regulatory
institutions (Poverty Corruption in Lebanon, 2021).

Even during times when Lebanon has experienced
economic growth, misrepresentative political elites, religious
fragmentation, and classism have ensured that the economic
benefits are not evenly distributed (Bieber, 2000). The central
bank of Lebanon (BdL) has also played a significant role in
bringing about Lebanon’s economic situation. Until recently, the
BdL has contributed to financial stability and surpassed many
shocks and crises, in part due to deposit inflows, remittances,
and an exchange rate that was consistently pegged to the dollar
(IMF, 2017). However, at the same time the BdL prioritized
building foreign reserves and drawing in foreign capital while
weakening its balance sheet and risking exchange rate pressures
(IMF, 2017). This “reserve Ponzi” financial engineering policy
meant that the BAL was attracting dollars without the ability to

pay back the high interest rates (Panizza and Hassan, 2019). A
2017 IMF country report warned that severe scenarios of low
growth or rising interest rates could lead to difficulty restoring
capital and high liquidity stress (IMF, 2017).

WEF Nexus Challenges in Lebanon

Water, energy, and food systems have many inherent and
man-made challenges in Lebanon, including poor governance,
mismanagement, and economic challenges. Understanding the
context of these challenges highlights how shocks, such as
those affecting Lebanon recently, can have cascading effects on
interconnected resource systems (Figure 3).

Water

Compared to other Middle Eastern countries, Lebanon has
an abundant water supply. Despite this, it is considered to
be a country experiencing water stress (Shaban, 2011; Shaban
et al., 2021). Lebanon’s water supply comes from precipitation,
rivers, and springs that provided a water supply estimated
at 1,350 m?® per capita, annually, in 2011. In contrast, water
demand was <220 m? per capita the same year (Shaban, 2011).
Although there is no nation-level water stress quantification,
UNDP environmental assessments have shown that water supply
from springs and aquifers has decreased (UNDP, 2014; Jaafar
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FIGURE 4 | Summary of key actors across the interconnected resource systems.
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et al., 2020). One of the main reasons for the frequent water
shortages experienced in Beirut and the surrounding areas
is the inability and lack of infrastructure to capture water
from mountains and store or transport the water to other
areas. Lebanon’s aging water infrastructure has resulted in 48%
losses according to the most recent National Water Strategy,
released in 2010 (Bassil, 2010). Additionally, demand for water
has increased due to population growth, and other activities
affecting water replenishment conditions, such as over pumping
or deforestation, have diminished supply (El-Fadel et al., 2000;
UNDP, 2014; Shaban et al., 2021).

Lebanon is fortunate to have two rivers—the Orontes and
Litani—that originate in the agricultural Bekaa valley and support
agriculture in the region (Qubaa et al., 2017; Conker and
Hussein, 2020). To utilize the water from these sources, water
is harvested through mountain lakes, dams, and individual
storage (Shaban et al, 2021). However, these processes are
underutilized and often less efficient than they could be. The
lack of appropriate infrastructure to cater to the semi-arid and
agricultural regions of Lebanon and general mismanagement
have increased water stress (Sujud and Hamieh, 2018), with
implications for both individual-level water needs in rural areas
and for food production. Another underlying cause of Lebanon’s

water scarcity is that water supply peaks in the winter while
demand peaks in the summer. With poor storage capacity,
Lebanon experiences water shortages and rationing in the
summer (UNDP, 2014).

Lebanon’s focus on managing its water supply has drawn out
long standing national challenges with wastewater management
(Geara-Matta et al., 2010). In 1991, only 4 of 165 Mm?® of
raw sewage generated each year was treated; as of 2016, 92%
of collected wastewater in Lebanon is disposed of without
treatment (Karam et al., 2013; Karnib, 2016). Estimates in 2013
indicate that 35-50% of untreated urban sewage was filtering into
aquifers, eventually making its way into marine environments
(Karam et al., 2013). Furthermore, many areas are not connected
to a sewer system and use open sewers, septic tanks, or no
disposal infrastructure at all (World Bank, 2011). Therefore,
many rivers and well sources are contaminated at the source
by sewage disposal and by pollution from industrial waste
and agrochemicals (El-Fadel et al., 2003). This contamination
has repercussions for most water applications, including the
availability of safe water for agriculture. Through agriculture,
water contamination can negatively affect the health of domestic
consumers and favor of international markets, which often have
their own standards for produce. Water salination is another
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problem that occurs when low water tables cause salt-water
intrusion during the summer’s high water demand (El-Fadel
et al., 2000).

Water quality issues affect both rural and urban areas. A
2010 study on rural water supplies found that although water
gathered directly from a local spring was free of bacteria, water
from private wells or stored in storage tanks was well above
recommended WHO bacteria levels (Massoud et al., 2010). A
2008 study on water quality in Beirut found that all three water
sources catering to the sampling site (well water, municipality
water, and bottled water) were contaminated with fecal matter
and had less than ideal physiochemical profiles (Korfali and Jurdi,
2009). In nearly all settings, residents rely on multiple sources
of water, both informal and formal, to fulfill their water needs
(Korfali and Jurdi, 2009; Massoud et al., 2010; Yassin et al., 2016).

Energy

Lebanon’s extreme reliance on imported energy has implications
and tradeoffs that affect all other systems dependent on it,
including water and agriculture. Lebanon gets 98% of its energy
from oil imports, and half of the oil imported is used for
electricity production (Ibrahim et al., 2013; OECD IEA, 2014).
Energy supply in Lebanon has been unable to meet demand since
the civil war, and since then, population growth has continued to
exacerbate the disparity. Historically, Lebanon imported much
of its fuel from Syria, but this fuel source has been disrupted
by the latter’s civil war. As a result, Lebanon has turned into an
“electricity island,” where disruptions to imports and growing
demand has led to significant shortages (Bouri and El Assad,
2016, 1). In 2013, Lebanon rented two Turkish power-generating
ships to address the decreasing imports and continued demand
for electricity (Bouri and El Assad, 2016). Lebanon’s quickly
aging energy infrastructure produces far below its intended
capacity and was never repaired after damage during the civil
war (Julian et al., 2020). Aside from private generators, most of
the energy generated in Lebanon is from thermal power plants,
with a small amount from hydraulic power plants (Ibrahim
et al,, 2013). Initiatives to find alternative sources of energy have
been rare: there have been few attempts to search for oil within
Lebanon, and none have seen results (Ibrahim et al., 2013; Azhari,
2020). Lebanon has opportunities to generate renewable energy,
especially solar, wind, and hydro power, but these options have
not been explored (Ibrahim et al., 2013).

Electricity is subsidized in Lebanon, but due to insufficient
supply, only 47% of electricity demand was covered by
nationally provided electricity in 2018 (Moore and Collins, 2020).
Insufficient supply and poor infrastructure cause frequent power
outages, and private diesel generators, technically illegal, are
normal and necessary for adequate power provision (Julian
et al., 2020). Power outages vary from daily three-hour blocks
in Beirut to eight-hour or longer blocks in districts outside of
Beirut. Outages are exacerbated at times when there is additional
demand, such as during the heat of summer or when Lebanon’s
large diaspora community returns over holidays (Abi Ghanem,
2018). A 2017 study found that 66% of Lebanese use energy
from diesel generators, either renting from a municipal generator

or from an informal neighborhood electricity provider (IEP)
(Harajli and Chalak, 2018).

On an individual scale, managing the routine power outages
involves a complex array of alternative power sources, preparing
specific chores to be done when power is available and managing
which appliances use power when IEP electricity is in use (Abi
Ghanem, 2018). Electricity cuts have been shown to negatively
impact economic growth on a national level and add significant
strain on individual finances (Dagher and Yacoubian, 2012; Bouri
and El Assad, 2016; Abi Ghanem, 2018). The financial strain
caused by having to pay multiple electricity bills creates pressures
and trade-offs at the household level, including ability to afford
more nutritious food or quality water. Much of the literature
considers the effect of power outages on Beirut specifically. Abi
Ghanem analyzes the junctions of living with power outages
in Beirut——the rearranging of physical surroundings, adjusted
their routines, and embedded IEP infrastructure—noting that
these mitigation strategies normalize the everyday interactions
with IEPs. This entrenchment is such that the public does not
expect the formal system to improve, thus normalizing the
dysfunctionality of official infrastructure (Abi Ghanem, 2018).
Furthermore, Verdeil finds that the effects of sectarian splits on
politics and urban demographic distribution both exacerbate and
reinforce Beirut’s current electricity arrangements by reinforcing
reliance on neighborhood IEPs and perpetuating political
stagnation that prevents power system reforms (Verdeil, 2016).

Food

Food and agricultural production offer a significant opportunity
for Lebanon: about a quarter of Lebanon’s land is agricultural
and its climate is ideal for many crops (UNEP, 2005). Over
time, Lebanon has transitioned from low-input extensive farming
to intensive high value-added crops (Ghadban et al, 2013;
MOA, 2014). The result of this transition has been twofold:
more intensive farming has led to soil quality degradation;
and the focus on high value-added crops has made Lebanon
more dependent on imports to fulfill food demands. Currently,
Lebanon’s most common cultivated crops are fruits, such as
tomatoes, oranges, apples, lemons, bananas, and grapes, as well
as potatoes, cucumbers, wheat, and olives (MOA, 2014; Skaf
etal., 2019). Lebanon is self-sufficient in fruits and close to being
self-sufficient in vegetables but is highly dependent on imports
for cereal products (ESCWA, 2016). Lebanon is self-sufficient in
poultry but imports almost all its dairy and other meat products
(UNEP, 2005).

Lebanon has a paradoxical comparative advantage in fruits
and vegetables: climate and water availability make fruits and
vegetables the ideal produce, while cereals and livestock are less
cost-efficient, more water- and land-intensive, and provide fewer
micronutrients (ESCWA, 2016). Consequently, it is generally
agreed that Lebanon should not focus on full self-sufficiency
in food production and should focus on strategically managing
food production and decreasing import-shock vulnerabilities
(Ghadban et al., 2013; ESCWA, 2016).

At the farm-level, the agricultural sector suffers from lack
of planning, outdated technologies, and the use of untreated
water for irrigation. Farms are either large-scale commercial
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agriculture (<25%), or non-commercial smallholder farms partly
focused on subsistence agriculture (MOA, 2020). As input
and production costs increase, small-scale farming becomes
a less sustainable form of employment. As a result, 90% of
the industry comprises small-scale farms that are unorganized
and rarely participate in international value chains (MOA,
2020). Agricultural and livestock market infrastructure is
poorly managed, with unimplemented international agreements
hindering efficient foreign trade (MOA, 2014).

Small-scale rural farmers often grow wheat, subsidized by the
government. A 2014 survey found that of 63 farmers in West
Bekaa growing wheat, only 8.5% would continue growing wheat
if the government stopped subsidizing it. Many of the poorest
farmers cannot wait for the slow bureaucratic process to disperse
payments for subsidized wheat and are forced to sell directly
to the market. Without cooperatives to help rural farmers with
marketing and communication, it is difficult for farmers to get
the best prices for direct-to-market sales or alternative crops.
this dynamic reveals that the most vulnerable farmers are often
producing the least efficient crops and are motivated mainly by
government subsidies. Additionally, 83% also grow livestock or
other crops in addition to wheat (Tawk et al., 2019). Through
local cooperatives or initiatives, the government of Lebanon
could improve the efficiency of wheat production to mitigate
import dependency, or facilitate the transition to more valuable
crops, but is currently doing neither.

Because Lebanon is dependent on food imports, it is
vulnerable to food price shocks that directly affect consumers.
After the food price crisis of 2007/2008, Lebanon introduced
national food subsidies for consumers on flour, wheat, and
bread, and non-processed foods have value-added tax (VAT)
exemptions (Makdissi and Edine, 2020). The results of a 2016
ESCWA survey found that half of Lebanese suffered from food
insecurity and nearly a third were unable to consume enough
nutritious food (ESCWA, 2016). Analysis of the 2004 and 2008
food crises also found that food price increases led to decreased
consumption of macronutrients, micronutrients, and vitamins
(Zaki etal., 2014). Although some have argued that social transfer
programs would be preferable to food subsidies, food subsidies
are currently the most functional solution, given Lebanon’s
government structure (Makdissi and Edine, 2020).

Water, Energy, and Food Management in Lebanon

The institutional responsibility for water, energy, and food in
Lebanon is distributed around multiple organizations (Figure 4).
The Ministry of Energy and Water (MoEW) manages and plans
for water and energy sectors and some related projects. Laws,
codes, and strategies for water management have been frequently
implemented and reformed, but approval is often delayed.
Existing policies often lead to fragmented decision making
and overlapping responsibilities (Gharios et al., 2020). Within
the MoEW, the General Directorate of Hydraulic and Electric
Resources (GDHER) houses the Department of Planning, which
has three units: water planning, energy planning, and a unit for
projects, which usually works alongside external organizations
such as the Council for Development and Reconstruction and
the UNDP (Farajalla et al., 2016). As of 2016, the Department of

Planning was 90% vacant, and the GDHER was 85% vacant. The
department makes up for these vacancies by outsourcing their
staff (Farajalla et al., 2016).

The MoEW also oversees the Electricité du Liban (EDL),
the state-owned electricity company responsible for providing
90% of the nation’s energy needs, among other responsibilities
(Farajalla et al., 2016). EDL electricity tariffs are based on 1996
fuel prices and consequently do not cover the cost of electricity
production (Kinab and Elkhoury, 2012; Julian et al., 2020). In
2018, tariffs only covered about 37% of EDLs operating costs
(Moore and Collins, 2020) and EDL takes on huge operating
losses ($1.4 billion USD between 2008 and 2017) and relies on
government subsidies to keep from going bankrupt (El-Jamal
et al., 2014; Moore and Collins, 2020). Energy sector subsidies
cause significant financial stress to Lebanon’s public finance,
accounting for nearly half of Lebanon’s overall external debt
(World Bank, 2019; Moore and Collins, 2020). Additionally, EDL
loses 43% of the electricity it produces: 17% are technical losses
stemming from poor infrastructure, 21% are non-technical losses
from incorrect billing, energy theft, and meter tampering, and 5%
are losses from uncollected payments (Soyres and Nakhle, 2019).

In contrast, water operations are less centralized. Water supply
and wastewater treatment are run by four autonomous regional
authorities and the Litani River Authority. These entities have
no policy-making authority, and their relationship with the
MOoEW is unclear because of the lack of implementation decrees
(Farajalla et al., 2016).

The Ministry of Agriculture (MoA) manages the food sector
through a handful of departments including the Lebanese
Agricultural Research Institute, the Green Plan, and the Higher
Council for Agriculture. The ministrys work ranges from
scientific research to agricultural production strategies and
methods (Farajalla et al., 2016). The MoA administers the
agriculture sector, including setting crop safety and quality
standards, overseeing international trade, and laying out natural
resource management guidelines. There are various planning
committees and groups that work under the MoA, but compared
to the MoEW, there is less applicable oversight at the ground level
for agriculture. From the household and individual perspective,
the Ministry of Economy and Trade (MoET) has more impact on
food provision, as the MoET decides and manages food subsidies.

Throughout the three sectors, it is common to see overlapping
strategies, plans, and jurisdictions, as well as delayed approval
of proposals. These bureaucratic hindrances make policy
implementation difficult and stymie system reform.

The MoEW and MOoET subsidize electricity and flour
production, respectively, by subsidizing the purchase of fuel and
wheat from international markets. The MoET also purchases
flour and bread from local firms and sets prices for wheat
products (ESCWA, 2016). In 2019, the MoET subsidized basic
food goods and essential products such as fuel and medicine for
consumers. The subsidy arrangement, though impactful during
the financial crisis, has been criticized as unable to target poorer
households. Due to the higher purchasing power for more
affluent households, subsidies benefit affluent households more
than the poorest (ESCWA, 2016). MoET also subsidizes wheat
by purchasing wheat from international markets and selling it
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to flour mills at low prices (ESCWA, 2016). These subsidies are
costly and have only been sustainable by lowering the mandatory
foreign reserve threshold to maintain the subsidy programs
(Chehayeb, 2021).

Inter-parliamentary committees exist to discuss proposals and
amendments, such as the Committee on Water, Energy, Public
Works and Transportation; the Inter-parliamentary Committee
on Environment; and the Inter-parliamentary Committee on
Agriculture. Other water, energy and food-related entities include
the Lebanese Center for Energy Conservation, the Ministry of
Environment, the Ministry of Finance, and the Ministry of Public
Health (which oversees food safety, and water quality). These
entities often work at the intersection of water and food or
water and energy, but usually only facilitate a bilateral connection
(either water and food or water and energy), or focus on specific
programs and jurisdictions, such as natural resource preservation
or financing (Farajalla et al., 2016).

Entities that facilitate dialogue and coordination between
multiple sectors are critical for nexus-oriented management,
but most entities have limited authority to make policy, and
slow approval processes inhibit timely and effective policy
implementation at the regional and local levels.

Shocks and Triggering Events

Given the turbulent situation in Lebanon, it is important to
consider how recent shocks have triggered additional issues. One
notable shock that has affected Lebanon for over a decade is the
Syrian Refugee Crisis which, in addition to its humanitarian
aspects, has strained both supply and demand for water,
energy, and food. Recently, COVID-19 and related supply chain
disruptions have made government assistance more necessary
for vulnerable refugees and Lebanese citizens. Lebanon’s recent
financial crisis has drastically affected consumers’ ability to buy
food and the government’s ability to subsidize essential goods
and services.

The conflict in Syria, although no longer a recent event, has
had unexpected and long-lasting effects on Lebanon. Primarily,
demand for water, energy, and food has increased with the
growing population of refugees from Syria. Lebanon hosts more
refugees per capita than almost any other country in the world,
with an estimated 1.5 million Syrian refugees living in Lebanon as
0f 2019 (Vulnerability Assessment of Syrian Refugees in Lebanon,
2020). Refugees have high unemployment rates and consequently
represent a population highly vulnerable to food insecurity,
unsanitary living conditions, and poor health (ESCWA, 2016).
Vulnerable refugee populations have contributed especially to
water demand and, in cases where wastewater infrastructure is
poor, to water quality issues.

The Syrian conflict also represents a geopolitical tension with
significant impacts on the supply side for many industries. Prior
to the conflict, around 20% of exports and many imports passed
through Syria (ESCWA, 2016). Lebanon imported up to 7.5% of
electricity demand from Syria and Egypt through the regional
grid (Bouri and El Assad, 2016). The resulting import disruptions
had significant and long-lasting impacts on the energy sector.
Food trade was also impacted: before the conflict, about 6% of
agricultural imports flowed through Syria (ESCWA, 2016). These

supply routes continue to be inaccessible, in part due to the
continued conflict in Syria and in part due to the U.S.’s Caesar
Syria Civilian Protection Act of 2019, which imposes sanctions
on anyone doing business with the Syrian government.

More recently, the financial crisis in Lebanon has exacerbated
nearly every other strain. Lebanon’s financial policy began to
break down when depositors started moving their funds out
of Lebanon in 2017 (Panizza and Hassan, 2019). As foreign
confidence—and deposits—declined, interest rates increased,
bank lending declined, and GDP growth dropped (Panizza and
Hassan, 2019). Banks limited dollar withdrawals to maintain
liquidity. The government passed reforms to address the crisis,
but these were harsh to citizens and failed to address the
widespread corruption present in Lebanon (Panizza and Hassan,
2019). This led to social unrest, frustration with the government,
and a perilous financial situation, which have continued to the
present day.

The COVID-19 pandemic has been harsh in Lebanon, with
lockdowns still common and vaccination rates low (Lebanon
Goes into COVID-19 Lockdown for Orthodox Easter Weekend,
2021). Lockdowns have been particularly harsh as electricity has
become less consistent (McCaffrey and Todman, 2021). Health
professionals left the country as the health system struggled to
manage the pandemic. Few people can afford healthcare, many
hospitals are unable to afford staff or supplies (McCaffrey and
Todman, 2021). Water supply and quality have become especially
important, as COVID-19 made sanitation and hygiene practices
more vital.

The August 2020 Beirut port explosion is another noteworthy
shock that triggered social demonstrations against corruption
and poor management. To understand the full results of the
port explosion, an analysis of Lebanon’s food supply chains is
instructive. In 2016, when the Syrian crisis began, Lebanon’s food
supply, which had largely arrived over Syrian land routes, faltered
briefly. Much of the trade transitioned to maritime routes, and
Lebanon’s food availability soon returned to pre-crisis levels
(ESCWA, 2016). In 2020, the Beirut port explosion damaged
grain silos and disrupted imports coming through the Port of
Beirut. However, food stores in Beirut had already been low,
and maritime trade had already slowed along with the slowing
economy. Additionally, the port in Tripoli was able to receive
imports for the week it took to bring the Port of Beirut back into
service, so the impact of the explosion on food was brief (Ibrahim,
2020). More importantly, the explosion publicly and globally
underscored the gross mismanagement of the nation’s largest
port and vital gateway for international trade. The explosion was
the result of highly dangerous material that had sat, neglected, at
the port for seven years. The blast killed more than 190 people,
injured thousands, and caused significant infrastructure damage
(Hubbard et al., 2020). In the aftermath of the explosion, social
unrest led to the resignation of Lebanon’s cabinet (Hubbard,
2020). The IMF and western donors showed unwillingness to
assist Lebanon until it addresses finances and establishes a new
cabinet (Dahan and EIl, 2021).

Geopolitical tensions play a complex role in Lebanon.
Tensions with geographic neighbors lead to trade barriers
and supply shortages, some of which directly impact
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water, energy, and food management. Given Lebanon’s
historic ties with a variety of external actors, it is often
affected by outside conflicts. These geopolitical tensions
have recently been exacerbated by the financial crisis, the
weak value of the Lira, and the turbulent state of Lebanon’s
economy, leading to a general international hesitancy to
do business with Lebanon. Tensions between Lebanon
and the international community, including international
organizations, have stalled infrastructure maintenance, and
inhibited international assistance.

Impacts and Outcomes

The results of recent events and shocks in Lebanon have
been broad. Understanding the full effects of the impacts and
outcomes will take long-term attention, as many are still evolving.
However, an overview of the outcomes and how they connect to
preexisting challenges in Lebanon is instructive for identifying
WEF Nexus resilience opportunities.

The outcomes and impacts of recent events in Lebanon are
tightly interconnected. One of the most evident is the collection
of resource shortages in water, energy, and food that Lebanon
is experiencing, which is especially connected to the financial
crisis and geopolitical tensions. The financial crisis is both a
shock affecting the WEF Nexus and an outcome of other shocks
and underlying factors. As conceptualized above, the financial
crisis is the result of many years of financial engineering that
has impacted the functionality of the interconnected resource
systems. Simultaneously, the crisis can be conceptualized as
an outcome of other shocks, such as geopolitical tensions and
the COVID-19 pandemic. The financial crisis has connections
to other outcomes. For example, COVID-19 has exacerbated
financial struggles at both the national level and the individual
level, and social unrest has been fueled by continuation of the
financial crisis.

Of the sectors, water was least affected by the financial
crisis as it is not an imported resource. Although water prices
have increased drastically, much like other essential goods, the
quality and quantity of water available has not been significantly
reduced by recent events. In contrast, energy in Lebanon is
almost entirely import-dependent, and the financial crisis has
exacerbated energy challenges greatly. In March 2021, Lebanon’s
parliament approved a loan of $200 million to be used for fuel
because the EDL had run out of funds. The loan was only
fully approved in June, when power plants had shut down and
outages were exacerbated due to lack of fuel (Houssari, 2021;
Reuters, 2021; Reuters Staff, 2021). Additionally, the Turkish
energy company that rented power-generation ships to Lebanon
shut oft supply following 18 months of outstanding payments
totaling $100 million.

Food has been substantially affected by the financial crisis,
the conflict in Syria, and geopolitical tensions. The refugee
crisis has not only increased overall demand for food, it has
impacted the amount of agricultural land available for food
cultivation. A 2014 evaluation predicted that informal tented
settlement growth would eventually encroach on agricultural
lands and that the wastewater discharges created by Syrian
refugee would add to untreated wastewater and would eventually

contaminate crops (UNDP, 2014). The COVID-19 pandemic
increased unemployment and household expenditures generally,
making it more difficult to afford food and leading to the creation
of subsidies for basic goods, which many now rely on. As the
financial crisis lingers, Lebanon’s ability to continue to fund these
subsidies decreases; the Minister of Finance argued in April 2021
that subsidies for fuel and food would soon need to be restricted,
leading to fears that both food production and consumption in
Lebanon would soon face major strains (Mathur-Ashton, 2021).
On the consumer side, many with limited access to dollars
are unable to afford the food that is available. These business
and supply chain disruptions have also affected infrastructure
functionality, especially in the energy sector, where power plants
now sit unused.

The government’s reactions to COVID-19, the financial crisis,
and the resulting impacts have drawn much criticism from
the public, who have voiced protests that the government
is not addressing fundamental problems of corruption and
mismanagement. The protests and general social unrest were
heightened following the port explosion. Protesters have
demanded many changes, but generally call for the removal
of the corrupt government officials and reform of ineffective
institutional systems (Sherlock, 2020). The effects of COVID-19
and the government’s slow response to the pandemic have also led
to heighted unrest, frustration, and increasing emigration from
Lebanon (Pearlman, 2013; Nakhoul, 2020). The government has
been accused of using COVID-19 as an excuse to shut down
protests (Rose, 2020).

The pandemic, financial crisis, and resource shortages
have all led to increased emigration. While emigration from
Lebanon is not uncommon, recent shocks have increased
and shaped emigration. There are indicators that the more
vulnerable demographics are seeking ways to leave Lebanon,
sometimes despite significant risks (Hendrix and Durgham,
2020). Furthermore, Lebanon’s vast diaspora and largely well-
educated populace make emigration an attractive option to find
better opportunities, especially as the financial crisis continues.
Brain drain, or the movement of the most educated out
of the country, has significant long-term repercussions for
Lebanon. This outcome is connected to each of the others,
as strains on health, food and water availability, and financial
stability are all highly motivational factors that push residents
toward emigration.

The health implications of recent shocks, though broader
than many of the other outcomes analyzed here, are highly
interconnected and offer a useful picture of impacts at the
individual and local levels. Health implications are often
traced to issues with the underlying water, energy, and food
sectors. Most evident is COVID-19, which also impacted
water supply, food availability, and energy, all of which
affect sanitation, nutrition, and the population’s ability to
adhere to lockdowns. Lebanon’s health sector was especially
affected by emigration: medical professionals in Lebanon
found themselves without pay and inadequate supplies to
face the global pandemic, disrupted supply chains, and
the financial crisis. Many Lebanese medical professionals
took advantage of high demand to relocate outside of the
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country (Abdallah and Nakhoul, 2020; Karam and Tawil,
2021).

Analysis of water intake, infant health, and the prevalence of
waterborne diseases in Lebanon indicate that water availability
and affordability in Lebanon are also connected to health
outcomes (El-Fadel et al, 2003, 2012; Korfali and Jurdi,
2009; Jomaa et al, 2016; Schuster et al, 2020). Because
Lebanon is experiencing food shortages, particularly in cereal
crops like wheat, inaccessibility of macronutrients will have
increasing effects on health. Although Lebanon’s domestic
produce is nutritionally rich, much of the food grown in
Lebanon is exported (ESCWA, 2016). Electricity shortages strain
existing health infrastructure. Reliance on diesel generators
leads to frequent exposure to airborne carcinogens: a study on
carcinogenic emissions found that the use of generators for only 3
hours a day creates damage equivalent to smoking a few cigarettes
per day (Shihadeh et al., 2013).

The port explosion was another notable trigger that
compounded existing issues and exposed clear health
implications: the explosion damaged more than half of
health facilities in Beirut, making them non-functional, and
injuries from the blast caused the remaining facilities to consume
months of medical supplies within days (Landry et al., 2020).
Damage to housing forced many into unsafe living situations
(Abouzeid, 2021). The explosion is a specific example of the
interconnectedness of many shocks and highlights the myriad of
health implications.

DISCUSSION AND RECOMMENDATIONS

The review portion of this work covers a wide scope
of information relevant to Lebanon’s current situation and
organizes this information into three categories—underlying
challenges, shocks and triggering events, and impacts and
outcomes. From this review, we highlight three recurring,
emergent themes, and consider their implications for water,
energy, and food policy. Finally, two recommendations are
presented based on our findings.

Emergent Themes

The expanse of information presented here underscores many
recurring themes in the case of Lebanon. There are a handful of
salient themes that can be useful for the purpose of exploring
WEF Nexus resilience and considering policy reactions to the
current situation.

Siloed Approaches to Management

Considering themes of resilience in Lebanon can point out
both areas of resilience and areas where resilience is lacking.
The current context of Lebanon and its longstanding issues
highlight the WEF Nexus’s lack of resilience: the current systems
of management are neither sustainable, nor have they facilitated
recovery from the many shocks Lebanon has faced. In exploring
the many causes of this lack of resilience, one theme is most
apparent: Lebanon’s water, energy, and food systems are managed
within silos, run by many actors with differing priorities,
capabilities, and jurisdictions. The Ministry of Economy and

Trade, for instance, purchases wheat from international markets
and sells it to flour mills at low prices while also purchasing local
flour at fixed prices (ESCWA, 2016; Tawk et al., 2019). The result
is that local farmers grow a different, hardier but less valuable
wheat (ESCWA, 2016). The Ministry of Agriculture, which
should manage agricultural production strategies, has no formal
way of influencing these subsidies. Perhaps the most obvious split
is the management of water supply for agricultural purposes,
which is run largely by autonomous regional authorities. The role
of the Ministry of Energy and Water is unclear, and the role of the
Ministry of Agriculture is minimal (Farajalla et al., 2016). These
artificial splits in management underscore the siloed approach to
water, energy, and food administration before even considering
the excessive bureaucracy, corrupt politics, and challenges with
staffing public service roles. Although entities exist to facilitate
cross-sector dialogue, most entities have limited power, or are
focused on specific aspects of management. There are many
layers of disconnect, which results in a siloed approach.

Pockets of Resilience

In contrast, resilience can be seen in Lebanon in areas where
water, energy, and food systems continue to function despite
numerous challenges. In cases where governance is necessary but
absent, corruption and informal systems allow Lebanese society
to continue to function without addressing bureaucratic issues.
Farajalla et al. (2017) highlight that informal systems are highly
resilient, adaptable, and can provide useful examples for policy
makers. Prime examples are Lebanon’s informal electricity grids
and transportation system, which make up for areas where official
systems have failed to provide adequate services. It is worth
noting that not all informal systems are illegal or corrupt, but they
are intrinsically linked to the underlying factors of corruption
and inefficient legitimate governance. As it stands, there are many
entrenched informal systems between society and business that
maintain functionality of the water, energy, and food sectors.
While these systems are imperfect, they provide examples of
possible resilient resource management initiatives.

One example of decentralization in practice is Electricité de
Zahlé (EDZ) in the city of Zahle, Bekaa Governorate. Zahle faced
long power outages after the local power plant was destroyed
in the civil war. Rather than continuing to wait for the EDL
to address shortages, EDZ built its own power plant in 2015
(Naylor, 2016) and now provides 24-hour electricity to Zahle
and the surrounding municipalities at about 40% of the cost
compared to other areas of Lebanon (Euronews, 2018). Several
factors contributed to the success of the EDZ power grid.
On a bureaucratic level, Zahle is unique in Lebanon: local
power companies are authorized to distribute, but not generate,
electricity. To overcome this issue, EDZ drew on a 1920s era law
enacted before EDL existed, which permitted EDZ to generate
electricity. Although other cities have applied for a similar
ability to generate power, requests have thus far been refused
(Euronews, 2018).

Another major hurdle was pushback from local generator
owners who profited from the power outages and threatened
both the authorities and customers to hinder the adoption of
the new system. This hurdle was overcome by collective action
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and persistence. Local sector-specific initiatives, such as EDZ,
also strengthen connections with other sectors in the community.
One result of 24-hour electricity in Zahle is that farmers are
now able to pump water consistently, thereby improving their
crop production (Naylor, 2016). The EDZ also took advantage
of solar power to provide electricity at a much lower cost than
alternative providers.

Another instructive example of small-scale resilience is
provided by Water Users' Associations (WUAs) in Lebanon.
Tegoni et al. (2016) analyzed five of these WUAs and determined
that the WUAs, which work to collectively manage local water
resources, are not particularly resilient (Tegoni et al, 2016).
WUAs are not official legal entities under the MoEW, although
the MoEW has an unimplemented plan in place to involve
WUAs in decision making. Instead, the WUAs rely on the MoA
to recognize them as agricultural cooperatives, which are also
not well supported, and keeps the role of WUAs in Lebanon
informal. However, despite the lack of institutional recognition,
many of the WUAs successfully distribute water resources and
foster cooperation among farmers in their communities. In
particular, the WUAs analyzed by Tegoni et al. (2016) succeed
in governing and maintaining water infrastructure such as wells
and irrigation networks. Additionally, these organizations can
tailor water management to their constituents by choosing how
to distribute and charge for water usage. Replicating the success
of informal WUAs across Lebanon would require giving them
legal recognition, authority to enforce regulations, and decision-
making power at higher levels. This arrangement is already
used in other MENA countries, where WUAs and private water
companies are formally recognized, regulated, and supported
(Farajalla et al., 2017).

The Role of External Actors
A third relevant theme of this review is the significant role
outside actors play in Lebanon. The patron-client syndrome
described by Bordenkircher (2020) reflects Lebanon’s historic
political and social reliance on outside benefactors. Similarly,
BdLs reliance on foreign reserves and the general national
reliance on remittances demonstrate the same trends in the
financial sector. Lebanon’s import-dependence has only become
as critical as it is because of Lebanon’s historic dependence on
other countries for fuel and food; it’s reliance on Turkish energy
generating ships is one such example. The prevalence of external
actors to support infrastructure at the local level for WUAs
highlights the continuation of this underlying trend: four out of
five WUAs analyzed by Tegoni et al. (2016) manage infrastructure
built with the help of international donors or organizations, a
local example of Lebanon’s historic reliance on external support.
Lebanon’s cooperation with outside actors is not an innately
negative factor, rather, the balance between national sovereignty
and international cooperation represents an important policy
consideration for Lebanon. Becoming more resilient to
geographic tensions and shocks such as the financial crisis would
require shifting toward national ownership of local solutions and
seeking out opportunities that do not require external support.
At the same time, external collaboration is a source of necessary
stability during a time of turbulence. One clear representation

of the value of international cooperation is Lebanon’s position
with food: by choosing to produce valuable fruits and vegetables,
Lebanon selects to heavily rely on imported cereals. Lebanon’s
position as a country that will likely always rely to some extent
on international cooperation highlights a complex theme that
warrants further research and clear, intentional policy.

Recommendations: Opportunities in
Systems Thinking and Empowering
Decentralized Initiatives

The high level of interconnectivity between water, energy, and
food systems and the impact of multiple underlying factors,
shocks, and outcomes points to the need for a systems approach.
In addition to the many triggering events and natural challenges,
poor governance has exacerbated resource scarcity and failed to
address complex resource security issues. In practice, systems-
thinking can facilitate the understanding and quantification
of these interconnections to better support evidence-based
decision making and integrative resource governance. The
developed recommendations, following analysis of the complex
situations described above, include a broad, long-term shift
in the governance approach. The first focuses on creating a
system-thinking approach to water, energy, and food systems
management. This approach utilizes a cross-sectoral platform
to encourage dialogue and analyze policy that reflects the
entirety of the interconnected resource systems. The second
recommendation is to further decentralized management and
empower communities to manage their own resources in
accordance with local needs. Systems-thinking can incorporate
the connections between sectors while considering the economic,
political, and social circumstances affecting Lebanon at national
and local levels.

A Systems-Thinking Approach to Lebanon’s
Resource Management

Applying systems-thinking to resource planning and governance
in Lebanon would require a shift away from disconnected
governance. The confessionalist system, siloed management of
water, energy, and food, and unintegrated informal systems
underscore the norms of fragmentation in Lebanon. Ministries
and offices are often focused on their own priorities, which
prevents holistic, nexus-oriented policymaking.

A platform for facilitating dialogue between different
stakeholders is needed: one that is oriented toward identifying the
links between sectors, evaluating policy, highlighting tradeofts,
and discovering vulnerabilities within the nexus (Mohtar and
Daher, 2016). Such a platform would allow for dialogue around
complex issues without necessarily making major reforms to
existing ministries and departments. Additionally, the platform
could facilitate cross-sectoral legislation, address overlooked
issues, and integrate additional actors into decision making.

An important piece of this platform would be its ability to
encourage system-level analysis. Rather than analyzing issues
and solutions as they pertain to only one sector, encompassing
multiple factors and sectors can produce more relevant
recommendations. For example, addressing food shortages must
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consider the availability and quality of water, the current
geopolitical climate, domestic nutritional needs, and the financial
ability to provide subsidies. A solution that addresses each of
these features must encompass more than only the agricultural
sector. The proposed platform would use systems-thinking to
develop analytics that can inform holistic policy formulation.

Additionally, this platform could create avenues for dialogue
between the main actors affecting interconnected resource
systems: society, business, and government. A framework for
facilitating dialogue between Lebanese government, society, and
businesses needs to begin with building the legitimacy of the
government in the eyes of the other players and facilitating
dialogue within the government. There is a lack of clear
mechanisms that facilitate cross-institutional communication
and cooperation, and consequently, there is little communication
between actors and little opportunity for thorough discussion
of possible tradeoffs. The heads of MoEW and MoA often
have different priorities, and although government actors
rarely work together, the system often requires consensus to
approve legislation. As a result, the government’s management
of the links between the water, energy, and food sectors is
often antiquated or outdated. Focusing on multi-stakeholder
dialogue and cross-sectoral policy formulation offers many
opportunities for overcoming these barriers to achieve system-
oriented management.

Systems-thinking is also useful for considering effects at
different levels to ensure that policy is coherent and effective
across different scales. In particular, research should consider
trends and resilience strategies at the local and household levels
to identify effective strategies and bring more actors into the
dialogue. As it stands, household-level recommendations are
often tone deaf and ineffective. Last year, politicians urged
Lebanese to grow their own food amidst the shortages, a
recommendation that was far from a large-scale solution and
came with no assistance (Yee, 2020). Although growing food
at home has become more common, the effect has been slight.
During the 2014 water crisis, the MoEW ran an awareness
campaign to encourage residents to conserve water: the $243,000
campaign asked the public to conserve water, but did not provide
education on how to do so, nor was it paired with incentives
(Nash, 2014). At the same time, the MoEW announced plans
to drill new wells and take control of illegal ones, but none of
these actions promised long-term solutions to water shortages
and the campaign was received poorly by the public (Cousins,
2014). Household-level initiatives can help mitigate resource
scarcity and strengthen government legitimacy, but they must be
evaluated carefully (Traboulsi and Traboulsi, 2017).

Empowering Decentralized Initiatives

In addition to suggesting broad reforms at the higher levels
of government, this paper argues for decentralized solutions
that empower local governance and formalize existing local
water, energy, and food management systems. Decentralized
initiatives are valuable opportunities because they can bypass
some of the underlying challenges at the national level while
tailoring solutions to local contexts. The existing national
system has led to endemic corruption that further complicates

effective governance. Lebanon’s consensus-based government is a
complex, slow, long-standing structure; supporting decentralized
initiatives where research and analysis suggest effective outcomes
may offer quicker, small-scale ways to take advantage of pockets
of resilience.

Local management encompasses both resource allocation
and resource stewardship. For example, local management of
electricity could include setting up electric grids that cater
fairly to all residents, and local management of water resources
could include public information campaigns to address water
pollution. There are already local systems in Lebanon, such
as informal credit agreements between farmers and suppliers
and informal electricity providers. Local initiatives have the
potential to lower transportation costs, bypass corruption,
and strategically maximize comparative advantages. Research
supports the potential of local cooperatives to help with
marketing, advise on new farming methods, and organize
community support for useful infrastructure such as storage and
refrigeration facilities (Maalouf and Chalak, 2019; Tawk et al.,
2019). The use of digital resources also has much potential
to effectively link sellers and buyers (Bahn et al, 2021). A
small-scale example of this came about in late 2020, when
artisan producers in South Lebanon came together through the
“From the Villages” e-commerce platform to sell their goods
to buyers in Beirut and other metropolitan areas. Initiatives
such as this could have added effects of shifting the public
mindset to favor domestic products. Local communities do not
exist in a vacuum: areas that rely on imported water, energy,
and food would still need to coordinate with other authorities.
Nonetheless, learning from existing small-scale successes, and
providing national support where success is possible, is a useful
way to build resilience.

Bridging Systems-Thinking and Decentralized
Initiatives

The case of Lebanon highlights the usefulness of applying a
systems approach to complex challenges at different scales.
Implementing such approach requires both: top-down long-term
strategy toward effective governance of national resources, while
empowering decentralized initiatives which can guide the scaling
up of successful models at local scales.

Empowering decentralization does not imply fragmentation;
rather, direction provided at the national level can guide
decentralized management to prioritize actions and maximize
national outcomes. According to the steps developed by
Terrapon-Pfaff et al. (2018), a methodology to apply WEF
Nexus thinking to a local setting must include qualitative
analysis of water, energy, and food linkages; quantification of
the linkages; and identification of the most critical linkages.
Finally, these findings should be leveraged to “generate synergies
and avoid trade-offs” (Terrapon-Pfaff et al., 2018). National-
level research and policy making can be used to accomplish and
publicize the first three of these steps, while the final step of
leveraging results and applying findings could be implemented
by local communities.

This system is especially applicable to Lebanon’s current
context, which faces strains at all levels. Broad, systems-based
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reform reflects a top-down management framework that
improves resource system resilience at the national level, while
decentralized initiatives improve resilience from the bottom up.
In both cases, applying the WEF Nexus lens amplifies potential
impacts by taking advantage of insights from critical connections
between sectors.

CONCLUSIONS

Considering the case of Lebanon through a Water-Energy-
Food Nexus lens is a complex undertaking that reveals many
interconnections, not only between water, energy, and food
systems, but also between the underlying political and economic
challenges and recent shocks. Some connections, such as the
one between the financial crisis and increased emigration,
are obvious. Other connections can only be thoroughly
understood by considering the complex relations between
historic trends and contemporary issues. For example, current
resource shortages, even in sectors with adequate supply
to match national demand such as water, can only be fully
understood by drawing connections between Lebanon’s
historic reliance on external actors and long-standing
ineffective governance. WEF Nexus insecurity stems from
a variety of underlying challenges and complicated shocks,
but also from longstanding poor governance of Lebanon’s
natural resources.

The provided recommendations highlight the benefit
of using the WEF Nexus lens at the national and local
levels. Nationally, a WEF Nexus approach would benefit
from a platform that facilitates systems-thinking across
the water, energy, and food sectors and enables improved
communication between relevant stakeholders, including
society, businesses, and government. The most impactful
contribution of such a platform would be the facilitation
of communication between decision making actors within
the Lebanese government, which frequently finds itself in
political standstills and interconfessional conflicts. Additionally,
analysis at the national level could provide more integrative
recommendations for resource management through a
systems-thinking approach.
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