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Abstract
Agriculture is the most natural resource-intensive and climate-sensitive sector. This study examines the perceptions and attitudes
of small family farmers toward climate change and identifies adaptation strategies supporting household food security in the
Middle Eastern context, Lebanon. The study uses cross-sectional, primary data of households that own small family farms in the
Central Bekaa region. The results show that the majority of the households believe that climate change is occurring, has adverse
impacts on livelihoods, and is attributable to human factors. They perceived an increase in temperature and a decrease in rainfall
patterns over the last 20 years. In response, the households used multiple agricultural practices to adapt to climate change. Based
on the Household Food Insecurity Access Scale (HFIAS) scores, only 7.5% of the households were food secure, while 89%were
mild to moderately food insecure. Generally, the households had modest access to nutritious diets. All the households used two or
more environmentally sustainable agricultural practices. However, the use of multiple environmentally sustainable practices did
not correlate with improved food security. This latter result may be due to the limited knowledge of the farmers about trade-offs
between various climate change adaptation measures. The findings suggest the need to refocus research from the question of
whether small family farmers are willing to adopt (or not) climate change adaptation practices to identifying those practices that
are capable of balancing economic, social, and environmental goals in a specific context.
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1 Introduction

Agriculture is the most natural resource-based and climate-
sensitive sector; it is both a contributor to (via anthropogenic
greenhouse gases) and a sector severely being threatened by
climate change (Field et al., 2014; Pandey et al., 2017). High
temperatures and changes in precipitation continue to alter
water availability, reduce desirable crop yields, and increase
the proliferation of weeds and pests (Arbuckle et al., 2013;

Niles & Mueller, 2016). With increasingly unsustainable
farming practices, especially by large-scale farmers and ill-
defined resource use policies, fluctuations in temperature
and rainfall patterns are likely to worsen in the future. This
will hamper the ability of the agriculture sector to provide
sufficient food for the growing global population and lead to
a chain of economic stressors such as decreased farm income,
increased poverty, and food insecurity levels (Arbuckle et al.,
2013; Pandey et al., 2017; Zamasiya et al., 2017). Climate
change presents significant global risks for developed and
developing countries alike (Niles & Mueller, 2016). It is
threatening decades of agricultural development efforts, espe-
cially in developing countries, due to farmers’ heavy reliance
on rainfed agriculture (Niles & Mueller, 2016; Pandey et al.,
2017; Zamasiya et al., 2017). Even more vulnerable are those
households in arid and semi-arid regions whose livelihoods
and food security are disproportionally impacted by climatic
conditions (Scoville-Simonds et al., 2020). Providing suffi-
cient and nutritious food for the growing population in those
highly climate-vulnerable areas while sustaining the
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ecosystem remains one of the most pressing questions in the
development literature (Ali & Erenstein, 2017). Scholars are
calling for a better understanding of how individuals, climate-
vulnerable countries, could perceive and adapt to climate
change (Elum et al., 2017; Li et al., 2017; Niles & Mueller,
2016; Tambo & Abdoulaye, 2013; Zamasiya et al., 2017).
Also, perceptions and knowledge of climate change and adap-
tion practices could vary across time, geographies, and cultur-
al contexts and based on local resources and adaptive capac-
ities (Sowers et al., 2011).

This study takes a micro-level perspective and focuses on
small family farms. According to Tripathi and Mishra (2017),
adaptation strategies at the local level are considered most
critical. However, research on small family farmers’ percep-
tions and attitudes toward climate change patterns and the
impact this may have on food security has not received the
attention it deserves (Altieri et al., 2012; Graeub et al., 2016),
especially from the agro-environmental dimension (Marzin
et al., 2017; Sourisseau, 2015). Small family farms tend to
be ecological-friendly and could be a suitable alternative to
enhance household food security (Sourisseau, 2015). They are
considered more productive and environmentally sustainable
than large farms (Altieri et al., 2012). The importance of small
family farms in protecting the natural resources and environ-
ment is primarily attributed to their reliance on local resources,
varieties, and indigenous knowledge (Altieri et al., 2012) and
the ability to react differently to shocks and production diver-
sification (Kahane et al., 2013). The perseverance (and effi-
ciency) of small family farms is also attributed to the low
transaction costs associated with the use of (cheap) family
labor (Kostov et al., 2019). This strand of literature argues that
the conventional high input intensification approach (under
large-scale farming) has diminished the traditional
agrobiodiversity (and its associated indigenous and local
knowledge) by focusing on a few genetically uniform high
yie ld ing var ie t ies (monocul tur ing) . The loss of
agrobiodiversity has, in turn, increased yield variability with,
possibly, a decrease in average yield (Lanz et al., 2018).
However, controversies remain in the empirical literature that
small family farms are unproductive and incapable of address-
ing future food security challenges. For example, some em-
pirical studies (e.g., van Vliet et al., 2015; Wuepper et al.,
2020) found no support for the notion that small family farms
are more sustainable than large farms. Ren et al. (2019), based
on a comprehensive review, documented the superiority of
large farms in enhancing economic, technical, and labor effi-
ciency. Despite such debate, the United Nations has shown a
renewed interest to reposition the status of family farms in
global food security and sustainable development and de-
clared 2014 the “International Year of Family Farming” and
2019–2028 the “UN Decade of Family Farming.” Global ef-
forts are underway to advance changes in thinking (e.g.,
through academic discussion) and action (e.g., through the

design of context-specific policies) to enhance the contribu-
tion of small family farms to meet climate change and food
security challenges (Collier & Dercon, 2014).

Against this background, the study explores climate change
adaptation practices and household food security in Lebanon,
a Middle Eastern context. Specifically, the study examines (1)
small family farmers’ beliefs, perceptions, and attitudes about
long-term changes in temperature and rainfall patterns; (2)
climate change adaption practices; (3) household food securi-
ty status; and (4) analyze the relationship between climate
change adaptation practices and household food insecurity.
We focused on small family farms because they play an es-
sential role in Lebanese agriculture and are strongly tied to the
country’s natural, religious, and cultural heritages (Marzin
et al., 2017)1. Lebanon is predicted to experience intensified
heat stress and diminished precipitation levels due to climate
change (Trærup & Stephan, 2015). Although Lebanon has the
highest cultivable land per capita in the Arab world (Bush,
2016), the contribution of small family farms to the national
economy is poorly understood (Marzin et al., 2017). A better
understanding of farmers’ perceptions about climate change
patterns will support policymakers to formulate and imple-
ment appropriate climate change adaptation measures. This
study comes when Lebanon has just released its “National
Agriculture Strategy 2020–2025” that aims to enhance food
security and environmental sustainability by 2025.

2 Theoretical framework and literature review

2.1 Conceptualizing economic and environmental
challenges of family farms

In the theoretical literature, Friedmann (1978) conceptualizes
family farms as a form of agrarian structure and a social unit
balancing household and economic goals. Sourisseau et al.
(2014) define family farms as an ideological framework for
the protection of lifestyles, a normative framework for the
promotion of policies, and an academic framework to foster
knowledge production in which agriculture works. According
to Marzin et al. (2017), family farms are a complex system
that defines rules (e.g., gender roles), intergenerational rela-
tions, and the use of natural resources. They can be character-
ized based on the diversity of inputs (e.g., family labor, tem-
porary, and migrant workers), assets (e.g., land, natural re-
sources, human, social, physical, and financial capital), and
livelihood strategies (farm and non-farm activities). The Food
and Agriculture Organization (FAO) defines family farms as
“a means of organizing agricultural, forestry, fisheries,

1 In the context of this study, small family farms are defined based on farm size
and refers to those farmers who own 10 dunums (or 1 ha) or less agricultural
land (Marzin et al., 2017).
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pastoral and aquaculture production which is managed and
operated by a family and predominantly reliant on family
labor, including both women’s and men’s, [where] the family
and the farm are linked, co-evolve and combine economic,
environmental, social and cultural functions” (FAO Regional
Office for Asia and the Pacific, 2013, p.6).

Conceptualizing family farms, especially in developing
countries, is more challenging due to several competing (even
pejorative) concepts (Sourisseau, 2015). For example, small-
scale agriculture (defined by cultivated land areas), subsis-
tence farming (defined by production and consumption pur-
poses), peasant agriculture (defined by its communal roots),
and petty commodity production are some of the concepts
describing family farms. According to van Vliet et al.
(2015), a universal definition of family farms is still lacking
but argue that the available definitions generally embrace two
important criteria—“family ownership of the land” and the
“use of family labor.” Despite such conceptual differences,
there is a renewed interest in family farms to overcome climate
change and food security challenges (Kesavan &
Swaminathan, 2014).

2.2 Climate change adaptation strategies and small
family farms

A livelihood resilience and adaptive framework may help
to understand farmers’ perceptions, attitudes, and adapta-
tion strategies (Adger et al., 2011). Tanner et al. (2015,
p.23) define livelihood resilience as “the capacity of all
people across generations to sustain and improve their
livelihood opportunities and well-being despite environ-
mental, economic, social and political disturbances.”
Although household food security depends on the inten-
sity and severity of the shocks and stresses, a key factor is
individuals’ vulnerability and adaptive capacity to deal
with disturbances. For safeguarding the already fragile
food security situation, there is a need for natural and
human systems to adapt to climate change (Zamasiya
et al., 2017). Innovations (e.g., stress-tolerant varieties)
and sustainable farm management practices are needed
to produce more food under extreme conditions (Massel
et al., 2021). Evidently, climate change is the main cause
of increasing temperature and decreasing rainfall patterns
worldwide (Meehl et al., 2007). The problem gets worse
in climate-vulnerable regions. For example, a recent study
by Zampieri et al. (2020) warned that Mediterranean and
Middle East countries will be threatened even if the 2 °C
mitigation target is met unless those countries take con-
crete action on climate change adaptation and mitigation
strategies (Zampieri et al., 2020). Scientific evidence sug-
gests that there is great scope for reducing the adverse
impacts of climate change, mainly in the agriculture sec-
tor (Field et al., 2014; Lee et al., 2015).

Adaptation and mitigation to climate change may be
achieved by implementing various sustainable practices in
the production system of households (e.g., Deressa et al.,
2011; Shikuku et al., 2017; Thornton & Herrero, 2014).
Crop diversification, inter-planting (mixed cropping), vary-
ing crop planting dates, planting early-maturing crop cul-
tivars, and planting drought- or disease-resistant crops are
relatively inexpensive farm and crop management practices
and are more likely to be adopted by farmers (e.g.,
Deressa et al., 2011; Thornton & Herrero, 2014). Soil
management practices such as zero tillage, planting cover
crops, application of manure and crop residues, and the
use of legumes can increase the availability of nitrogen
and other essential nutrients to increase yields (Kato
et al., 2011). The adoption of water harvesting technolo-
gies (such as pools, dams, pits, and retaining ridges) and
efficient water use techniques (or irrigation systems) are
essential to address variability in rainfall patterns, particu-
larly in areas affected by severe drought and water short-
ages. By conserving the soil structure and improving water
availability, soil and water conservation practices can re-
duce erosion, preserve essential nutrients, and increase on-
farm yields (Dumanski & Peiretti, 2013). However, the
benefits from soil and water management practices are
often cumulative and long term and entail current period
investment costs; thus, the likelihood of adoption by
farmers may be low (Shikuku et al., 2017). Mixed
(crop-livestock) farming is also one of the most common
climate change adaptation practices, accounting for 50% of
world food production and employing two-thirds of the
world’s population (Herrero et al., 2010). Mixed farming
offers complementarity in resource use by integrating “dif-
ferent enterprises” on the farm—e.g., draft animal power
for cultivation, manure for soil fertilization, and crop res-
idues for livestock feed (Devendra & Thomas, 2002)—
thus raising the yield and resource use efficiency of farm-
ing households (Thornton & Herrero, 2014).

Climate change adaptation is a two-stage process (see
Tripathi & Mishra, 2017): first, individuals perceive climate
change and its associated risks and then attempt to reduce the
adverse effects of climate change. Sometimes individuals may
not respond to adverse climate change effects (despite per-
ceived risks) due to lack of resources, capacity, information,
or beliefs (Li et al., 2017). Also, farmers may not focus on
sustaining the environment and focus on short-term gains
(e.g., excessive use of groundwater for irrigation). Generally,
farmers may base their climate change adaptation decisions on
several factors, including familiarity of adaptation practices
and economic, environmental, and social factors, as well as
socioeconomic factors (Arbuckle et al., 2015). Thus, it is vital
to understand farmers’ perceptions and motivation and current
practices to develop well-targeted policy responses for climate
change and food security challenges.
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2.3 Climate change adaptation strategies and food
security

Agricultural intensification (via the Green Revolution) has
been recognized for increased farm production and reduced
major staple crops’ prices. However, it came at the expense of
greater negative environmental consequences caused by ge-
netic uniformity, crop vulnerability, land degradation, and in-
tensive use of chemical inputs (Evenson & Gollin, 2003).
Moreover, the food crisis of 2008 and 2011 and the general-
ized growth of prices in major staple crops put this affirmation
into question. It remains, however, a challenge to find an
alternative approach that is more sustainable, resilient, and
suitable for the environment (Massawe et al., 2016). There is
an urgent need for environmentally sustainable agriculture
practices that can help improve food security (Barbier et al.,
2009). The notion of sustainability gained momentum with
the adoption of the Sustainable Development Goals (SDGs)
by the United Nations Member States in 2015. There have
been increasing calls to consider “sustainability” either as an
integral part of the food availability, access, utilization, and
stability dimensions or as the fifth pillar measuring the long-
term aspect of food security (Berry et al., 2015).

Both FAO and the World Bank have popularized “climate-
smart agriculture” (CSA) as a unified concept of agriculture,
development, and climate change (FAO, 2010). FAO (2010,
p. ii) defines CSA as “agriculture that sustainably increases
productivity, resilience (adaptation), reduces/removes GHGs
(mitigation), and enhances achievement of national food se-
curity and development goals.” According to this definition,
all agricultural practices that have the potential to improve
productivity or economize on the use of scarce resources are
considered climate-smart (Neufeldt et al., 2013). Proponents
of this approach argue that CSA is an innovative approach to
promote the adaptive capacity of farming households (Lipper
et al., 2014). However, critics contend that the CSA approach
lacks specificity to measure the relationship between the three
dimensions of CSA (i.e., climate change, agriculture, and de-
velopment), only provides a technical fix to the already com-
plex global food system (Neufeldt et al., 2013; Taylor, 2018),
and allows limited room to integrate farming households’ on-
farm innovations (Whitfield, 2015). It is thus important to
provide additional evidence on the interplay between climate
change adaptation strategies and food security in different
contexts.

2.4 Study context

Family farming is the predominant form of agriculture, ac-
counting for 98% of all farms, 53% of agricultural land, and
53% of the world’s food production (Graeub et al., 2016, p.1).
The most commonly used thresholds for designating small
farms are one and two hectares. There are more than 570

million small farms in the world (Lowder et al., 2016), of
which 84% are smaller than 2 ha. Small family farms provide
about 80% of the food supply in Asian and sub-Saharan
Africa (Herrero et al., 2017). This paper presents a case study
of family farms in Lebanon, which has favorable agro-
climatic conditions and water resources compared to other
countries in the Middle East. Lebanon was a prosperous agri-
cultural country as late as the 1950s, exporting surplus agri-
cultural production to neighboring countries. Historically,
family farms were a major part of the Lebanese agrarian struc-
ture. Unfortunately, post-1950s, farmers’ influence on policy
and the political commitment to support family farms de-
creased; instead, attention dramatically shifted to the service
sector (FAO, 2017). Yet, family farms remain a major part of
the Lebanese agrarian structure. They grow a wide variety of
permanent and seasonal crops, including fruit trees, olive
trees, cereals, vegetable crops, and vines (FAO, 2017;
Marzin et al., 2017). Livestock is also practiced by about 9%
of the households. Most households are engaged in
pluriactivity. In Lebanon, small family farms are defined as
farmers that own 10 dunums (1 ha) or less. They account for
one-fifth of the total utilized agricultural area, 70% of total
farms, 53% of permanent crops, 46% of greenhouse crops,
and 16% of seasonal crops (FAO, 2017). The agriculture sec-
tor, however, continued to be less attractive for the younger
generation (Whitfield, 2015). For example, only 11% of
Lebanese farmers are under the age of 35, while 23% of
farmers are aged over 65 (FAO, 2017). Besides the inequality
of landholding and lack of political commitment, family farms
in Lebanon continued to depend on imported inputs, ignoring
the different ways of utilizing locally available resources and
knowledge. Yet, the agriculture sector remains resilient and
employs about 14% of the total workforce.

The empirical study was carried out in the Bekaa Valley,
which has a continental Mediterranean climate with annual
precipitation of 500 to 800 mm. Bekaa is made up of three
districts: Zahle, Western Bekaa, and Rashaya. Since ancient
times, the Bekaa Valley has been a dominant agricultural re-
gion, referred to as Coele-Syria (Hollow Syria) by Alexander
the Great and known as the breadbasket of Rome during the
Roman Empire. The Bekaa Valley is still the “breadbasket”
and “agricultural heritage” of Lebanon. However, over the last
several decades, the contribution of agriculture to household
income and food security has significantly decreased, primar-
ily due to changes in temperature and rainfall patterns, water
scarcity, and increasing population (Jaafar & Ahmad, 2020).
Central Bekaa was selected for the study due to several con-
siderations. First, Bekaa Valley is the backbone of the
Lebanese agriculture sector and the most productive of all
the governorates. Second, compared to other governorates,
farming households in the Central Bekaa practice a wide va-
riety of farming (livestock and crop production) and non-farm
activities, drawing on the work of family labor and seasonal

Al Dirani A. et al.1032



workers (mainly refugees). Third, farm and non-farm activi-
ties of the households are intrinsically linked to many agro-
industries located in Central Bekaa; thus, they would have to
compete for scarce resources such as water and agricultural
land.

3 Materials and methods

3.1 Sampling and data collection

The study was cross-sectional and adopted a quantitative ap-
proach for data collection. The selection of participants was
made in two stages. In the first stage, nine villages were pur-
posely selected to ensure socioeconomic diversity. In the sec-
ond stage, the households were chosen randomly (systematic
random sampling) from a list obtained from each municipal-
ity. The study only focused on small family farmers as they
tend to be more vulnerable to food insecurity. A total of 120
respondents participated in the survey from the nine villages:
Rayak (20), Qsarnaba (20), Khraibeh (20), Chmastar (10),
Hosh el Rafika (10), Temnin el fawka (10), Nabi Cheit (10),
Niha Bekaa (10), and Bednayel (10). Data were collected via
face-to-face interviews using structured questionnaires ap-
proved by the Institutional Review Board at the American
University of Beirut. The structured questionnaires were de-
veloped in English and then translated into the local Lebanese
Arabic dialect. The questionnaires were pre-tested and neces-
sary modifications were made accordingly.

Two sets of questionnaires were used per household—one
related to climate change adaptation strategies and the other to
food security. The surveys were administered in person by a
research team member to 120 households; this accounted for
roughly 29% of the households in the study area. The first
questionnaire included socio-demographic characteristics,
farmers’ knowledge, perceptions, and attitudes of climate
change and adaptation strategies and was administered to the
head of the household. The study adopted several indicators of
climate change adaptation measures in previous studies
(Arbuckle et al., 2015; Masud et al., 2017; Tambo &
Abdoulaye, 2013).

The second questionnaire included information about the
food security status of the household. Food security has
evolved from food availability to include other dimensions
such as food access and food utilization. The various aspects
of food security are inherently hierarchical: food availability is
a prerequisite to guarantee food access, and food access, in
turn, is a necessary condition for effective utilization (Barrett,
2010). Food availability refers to having enough and appro-
priate quality food for consumption through domestic produc-
tion, distribution, imports, exchange, and/or food aid (Webb
& Rogers, 2003). Food access relates to the ability of the
households or individuals to secure adequate resources/

entitlements through purchasing, producing, or from any other
source (e.g., transfer, gifts). Although sufficient food supply
might be available, this does not ensure accessibility as food
access might be constrained by physical or financial barriers.
The food utilization dimension combines food safety and
quality issues (i.e., clean water, sanitation, and health care),
including adequate dietary intake of nutrients. In 2009, FAO
added the food stability dimension to its definition of food
security to address inherent food insecurity risks affecting
the other pillars of food security such as sudden shocks (e.g.,
economic or climatic crisis) and cyclical events (e.g., seasonal
food insecurity) (Clay, 2002). Several types of proxy mea-
sures are available to estimate food security at national, re-
gional, community, household, and/or individual levels
(Barrett, 2010). Three indexes were adopted to collect data
(Coates et al., 2007): Household Food Insecurity and Access
Scale (HFIAS), Months of Inadequate Household Food
Provisioning (MIAHFP), and Food Consumption Score
(FCS). The HFIAS index was developed based on a set of
nine questions to measure the household’s ability to access
food and yield information on food insecurity at the household
level in the previous 4 weeks. The measurement scale begins
with questions about food supply anxiety, insufficiency of
food quality and quantity, and ends with questions about the
most severe form of food insecurity such as “going to sleep at
night hungry” and “going all day and night without eating.”

The questionnaire was administered to the person in charge
of food preparation (nearly women, 97%), and the person in
charge was asked whether any of the household member(s)
experienced any of the food insecurity situations in the previ-
ous 4 weeks, assuming three meals in a day, and, if so, the
frequency of occurrence. The HFIAS scores range from 0
(food secure) to 27 (maximum level of food insecurity). The
standard questionnaire consisted of nine occurrence questions
(with “yes” or “no” options) and frequency of occurrence
questions—“0” (“never”), “1” (rarely, 1 or 2 times), “2”
(sometimes, 3 to 10 times), and “3” (“often,” more than 10
times) during the previous month (Coates et al., 2007). The
HFIAS scores are used to group the households into four food
insecurity categories: food secure, mildly, moderately, and
severely food insecure. The MIAHFP is used to apprehend
the stability of food access in the last 12 months (through
household production, purchase, or aid). Respondents were
asked whether the household had enough food to meet family
needs in the past 12 months and, if not, to indicate the months
in which the household did not have enough food to meet the
family needs. The MIAHFP score (i.e., the number of months
in which the household had adequate food provisions) is the
difference between the previous 12 months and the total num-
ber of months (out of the previous 12 months) that the house-
hold was unable to meet the family food needs. Data about
FCS were gathered based on standardized survey questions
developed by the World Food Programme (WFP) (WFP,
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2008). FCS is a composite score based on dietary diversity,
food frequency, and the weighted nutritional importance of
different food groups. The person in charge of food prepara-
tion was presented the nine food groups and asked to indicate
the different food groups consumed by a household in the past
7 days (as “never,” “hardly at all,” “once in a while,” or “pretty
often”).

3.2 Statistical analysis

Data were entered onMicrosoft Excel 2016 and imported into
STATA software (version 15.0) for both descriptive and
econometric analysis. The descriptive analysis provides infor-
mation on the households’ sociodemographic characteristics,
climate change beliefs, and changes over the past 20 years.

The Severity Index (SI) was used to measure smallholder
farmers’ perceptions and attitudes of climate change vulnera-
bility. Accordingly, respondents were presented with many
statements to indicate their perceptions on a 5-point Likert
scale: (1) strongly disagree, (2) disagree, (3) indifferent, (4)
agree, and (5) strongly agree. SI was calculated as follows

(Masud et al., 2017): SI ¼ ∑4
i¼0aini
∑4
i¼0ni

� �
100%ð Þ

where ai is a constant indicating the index of a class; ni is a
variable indicating the frequency of response (i.e., i =0, 1, 2,3,
4). Also, a0, a1, a2, a3, and a4 correspond to the response
frequency of n0= 0, n1=1, n2= 2, n3 = 3, and n4 = 4. This
provides the following valuation arrangement (Masud et al.,
2017):

q0 Strongly disagree 0.00 ≤SI < 12.5

q1 Disagree 12.5 ≤SI < 37.5

q2 Moderate 37.5 ≤SI <62.5
q3 Agree 62.5 ≤SI < 87.5

q4 Strongly agree 87.5≤ SI ≤100

To analyze the relationship between sustainable agricultur-
al practices and household food insecurity status, we focused
on the HFIAS scores. The HFIAS index provides the most
relevant information about the household’s food insecurity.
Given the nature of the outcome variables—the number of
climate change adaptation measurements—a count data mod-
el is appropriate to analyze such a relationship. The HFIAS
index takes a discrete value ranging from 0 to 27. The most
common count data model in the empirical literature is the
Poisson regression; it assumes that the values of the dependent
variable (i.e., number of sustainable adaptation strategies
adopted by a smallholder farmer) are drawn from a Poisson
distribution.

4 Results

4.1 Descriptive analysis

Themajority of the households (79%)weremale-headed, with
an average size of five people. Themean age of the head of the
household was 49 years (50 for male heads, 47 for female
heads). Most household heads (85%) had middle school to a
higher level of education. The average size of landholding was
about 8.4 dunums (0.84 ha). Approximately 83% of the
households had access to irrigation, and 70% were engaged
in farm and off-farm activities. The households spent most of
their income (54%) on food (Table 1).

Several of the socioeconomic variables in the descriptive
analysis (Table 1) may aggravate the impacts of climate
change on household food insecurity, especially farm and
household size. With a 0.84-ha farmland and a family size
of five people, any climate shocks and stressors could easily
worsen the households' food insecurity in the study context.
Although most households were engaged in off-farm activi-
ties, the unprecedented economic and political unrest in
Lebanon and the decreasing value of its local currency could
further deteriorate the food insecurity situation of the
households.

4.2 Small family farmers’ beliefs, perceptions, and
attitudes about climate change

Study participants believed that climate change is occurring
and caused by human activities (48%) or by a combination of
natural changes in the environment and human activities
(37%) such as bush burning, deforestation, and pollution. In
terms of changes in rainfall and temperature patterns over the
past 20 years, the overwhelming majority perceived an in-
crease in temperature and a decrease in precipitation, rainfall
frequency, and length of the rainfall seasons. We also calcu-
lated SI values to analyze smallholder farmers’ perceptions
and attitudes of climate change vulnerability. The SI values
consistently fall in the “agree” (i.e., 62.5 ≤ SI < 87.5) and
“strongly agree” (i.e., 87.5 ≤ SI ≤ 100) ranges (Table 2).
This suggests that smallholder farmers in the region better
understand climate change vulnerability and recognize that
climate change is a serious problem affecting family farms
in Lebanon.

A comparative historical climatological data could be help-
ful to match farmers’ perceptions of changes in temperature
and rainfall patterns during the previous 20 years. For this
purpose, we compared small farmers’ perceptions with the
climate data provided by NASA POWER (NASA POWER,
2021). As shown in Fig. 1a, the linear trend line showed a
slight increase in the mean annual temperature (1981 to
2018), somewhat confirming the farmers’ perceptions. On
the other hand, the trend line related to the mean annual
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precipitation (mm) showed no difference; this means that
small farmers’ perception might primarily be driven by in-
creasing water demand for agriculture and domestic use as
the population continues to rise.

4.3 Climate change adaption practices

The households were asked about their current agricultural
practices to adapt to climate change (Fig. 2). Small farmers

in the study area apply several practices such as mixed
cropping, soil conservation techniques, crop rotation, chemi-
cal fertilizers, growing different varieties on the same plot,
water conservation techniques, organic fertilizers, early ma-
turing varieties, integrating trees into farming systems, crop
tolerant varieties, and crop-livestock integration. The most
frequently applied practices were mixed cropping, soil conser-
vation techniques, crop rotation, chemical fertilizers, growing
different varieties on the same plot (intercropping), and

Table 1 Data and description of variables (n = 120)

Variable Definition Mean

Gender Household head: 1=male; 0=female 0.79

Age Household head, in years 49.38

Education Household head: 0= illiterate; 2=primary; 3=middle school; 4= high school or above 3.22

Family size 5.08

Farming experience Categorical (years): 1, <=15; 2, 16–24; 3, >=25 2.12

Distance output market In kilometers 13.6

Distance input market In kilometers 204

Food expenditure L.L., monthlya 585,416

Nonfood expenditure L.L., monthly 497,208

Credit access Binary: 1=yes; 0=no 0.52

Farming households engaged in off-farm activities Binary: 1=yes; 0=no 0.70

Off-farm income As a percentage of total income 74.33

Land size Dunum (Dn) 8.40

Small family farm (%) Binary: 1= if land size <10 Dn; 0= land size 10–20 Dn) 0.60

Irrigation access Binary: 1=yes; 0=no 0.83

Source: Analysis of household survey data. a 1$ US~1,508 L.L. at the time of this study

Table 2 Farmers’ perception and attitudes of climate change vulnerability

Statement SD(0) D(1) I(2) A(3) SA(4) SI(%)

Climate change is happening N 1 - 3 51 65 87.29
% 0.83 - 2.5 42.5 54.17

I am concerned about the potential impacts of climate change on Bekaa’s agriculture N 4 1 10 44 61 82.71
% 3.33 0.83 8.33 36.67 50.83

I am concerned about the potential impacts of climate change on my farm operation (i.e., production). N - - 8 53 59 85.63
% 6.67 44.17 49.17

I believe that extreme weather events will happen more frequently in the future N - 5 20 60 35 76.04
% 4.17 16.67 50.00 29.17

Climate change is not a big issue because human ingenuity will enable us to adapt to changes N 5 13 23 60 19 65.63
% 5 2 8 62 43

Bekaa farmers should take additional steps to protect their land N 5 2 8 62 43 78.33
%

The government should do more to reduce the nation’s greenhouse gas emissions and other potential causes of
climate change (Mitigation)

N - - 1 65 54 86.04
% - - 0.83 54.17 45.00

I feel adaptation has become necessary for all of us. N 4 2 8 50 56 81.66
% 3.33 1.67 6.67 41.67 46.67

We should work together to adapt to climate change. N - 4 8 62 46 81.25
% - 3.33 6.67 51.67 38.33

I feel personally obliged to help reduce the impact of climate change in Lebanon N 1 6 18 56 39 76.25
% 0.83 5 15 46.67 32.5

Notes: N, SD, D, I, A, and SA indicate the number of respondents, “strongly disagree,” “disagree,” “indifferent,” “agree,” and “strongly agree.” Source: Author’s
calculation based on household survey data
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application of water conservation practices, in that order. In
fact, except for the use of chemical fertilizers, the other prac-
tices can be classified as sustainable, eco-friendly.

4.4 Household food security status

After identifying currently applied climate change adaptation
strategies, it is important to explore the food security status of
the households in Central Bekaa. Accordingly, the majority of
the households experienced the two food insecurity do-
mains—i.e., insufficient food quality (83%) and anxiety and
uncertainty (75%). Only 8% of households reported the most
severe food insecurity forms, which are insufficient food in-
take and its physical consequences. In the study context, meat,
dairy products, and fruits are less accessible for poor house-
holds, forcing them to consume high-energy foods such as

bread and cereals that are low quality such as essential
micronutrients (Ghattas et al., 2014; Jomaa et al., 2017).

Table 3 presents HFIAS results, further disaggregating
household food insecurity access-related conditions. Among
those households that reported anxiety and uncertainty about
food supply, most of the households experienced the condi-
tion once or twice (54.4%) or between three to ten times
(42.2%) in the past 4 weeks. Among those households that
reported insufficient food quality, coping strategies included
eating non-preferred kinds of food (90.8%), limiting the vari-
ety of food (73.3%), and eating non-preferred food (85.8%).
Among the households that experienced insufficient food in
the past 4 weeks, coping strategies included eating smaller
meals (9.2%) or eating fewer meals (7.5%). None of the
households reported the most severe coping strategies (a total
lack of food, going to sleep at night hungry, or going the
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whole day and night without eating anything due to lack of
food).

Fig. 3 shows HFIAS cores and the number of households
(frequency) corresponding to those scores. The HFIAS scores
range from 0 to 27, with a higher score which implies more
food insecurity in the household. As shown in Fig. 3, the
median HFIAS value is 4. The distribution of the sampled
farming households, based on the HFIAS score, revealed that
only 7.5% of the households were food secure (i.e.,
HFIAS=0). Approximately 89% of the households were mild
to moderately food insecure; only 3.3% of the households
were classified as severely food insecure.

The second indicator of food sufficiency is MIAHFP,
which provides an indication of households’ access to food
and information on the months in which households had food
access during the year. About 95% of the households reported
that they struggled to feed household members adequately
over at least five months of the previous year. February and
March were the hunger months, with the highest number of
food-insecure households. During those 2 months, the over-
whelming majority of the sampled households stated that they
did not have enough food to meet the family needs (Fig. 4).

The FCS represents the average number of food groups a
household consumes in a week and hence measures relative
access to a quality diet. There are nine main food groups:
cereals, roots, and tubers; legumes/pulses/nuts; milk and dairy
products; vegetables and leaves; fruits; meat/poultry, eggs,
and fish; oil/fats/butter; sugar/sweet; and condiments/spices

(Fig. 5). According to the FCS results, the food groups with
the highest rate of consumption per week were sugar/sweets,
oil/fat/butter, and condiments/spices, followed by cereals,
grains, roots, and tubers, vegetables and leaves, legumes and
nuts, and fruits. About half of the respondents consume meat,
poultry, fish, and eggs, on average, from three to six times per
week. According to FCS thresholds proposed by WFG-FAO
(WFP, 2008), i.e., poor (FCS = 1.0 to 28), borderline (FCS =
28.1 to 42), and acceptable (FCS = >42.0), the FCS of all
farming households in the study fell in the “acceptable”
category.

The households used various coping strategies when they
are unable to access enough food. The most frequently used
coping strategies were purchasing food on credit, relying on
less expensive or less preferred food, and consumption of seed
stock held for the next season (Fig. 6). Other strategies
adopted by the respondents included borrowing food, ration-
ing money and buy prepared food, selling household posses-
sions, selling productive goods/assets, and using savings, and
avoiding health care or education costs to buy food.

4.5 Sustainable agricultural practices and household
vulnerability to food insecurity

Finally, we analyzed the interplay between the top-ranked
(Fig. 2) sustainable agricultural practices and household food
insecurity status. Unsurprisingly, the households applied at
least one or more sustainable agricultural practices. As shown

Table 3 Household food insecurity access-related conditions

Household food insecurity access-related conditions Occurrence Frequency of experience of food
insecurity condition in the past 4 weeks
(%)

Yes No Once or
twice

3–10
times

>10
times

Total

Frequency % Frequency %

Anxiety and uncertainty about food supply 90 75 30 25 54.44 42.22 3.33 100

Poor quality food consumption coping strategies

Non-preferred kinds of fooda 109 90.83 11 9.17 60.55 33.03 6.42 100

Limited variety of food 88 73.33 32 26.67 53.41 44.32 2.27 100

Non-preferred foodb 103 85.83 17 14.17 46.6 46.6 6.8 100

Inadequate quantity of food coping strategies

Ate a smaller meal than they needed 11 9.17 109 90.83 9.09 63.64 27.27 100

Ate fewer meals in a day 9 7.5 111 92.5 55.56 22.2 22.2 100

Experienced a total lack of food due to lack of resources - - 120 100 - - - -

Went to sleep at night hungry due to a lack of food - - 120 100 - - - -

Going the whole day and night without eating anything due to lack
of food

- - 120 100 - - - -

Source: Author’s calculation based on household survey data
a A household member was unable to eat the kinds of foods s/he preferred because of a lack of resources
b A household member ate foods that s/he really did not want to eat because of a lack of resources

Climate change adaptation practices and household food security 1037



in Table 4, there is no significant difference between male-
and female-headed households in terms of vulnerability to
food insecurity. This finding is unexpected; nonetheless,
women have always a significant role in Lebanese agriculture
and participate in the labor force without much cultural and
societal restriction (FAO, 2017). A study in Bangladesh also
reported a similar finding (Mallick & Rafi, 2010). Food inse-
curity is more likely to occur in households whose livelihoods
rely more on off-farm activities. Also, food insecurity is neg-
atively correlated with the farming experience of the house-
hold head, larger agricultural landholdings, and cropping pat-
terns (those who mainly grow seasonal crops, vegetables, and
staple crops). Most importantly, the main variable, “multiple-
use of sustainable agricultural practices,” is positively and
strongly correlated with household food insecurity measures.
This is not expected, but it could be attributed to at least two
factors. First, our study is cross-sectional and thus does not
capture the (potential) benefits of multiple uses of sustainable
practices in the long term. Secondly, this study focused on

small family farms, and implementing sustainable manage-
ment practices and simultaneously addressing food security
concerns may be infeasible (Cui et al., 2018).

Fig. 7 also shows the relationship between food insecurity
and environmentally sustainable agricultural practices in the
study area. Accordingly, those households who adopted more
environmentally sustainable agricultural practices did have an
increased level of food insecurity than those households that
applied fewer practices.

5 Discussion

This study sought to explore small family farmers’ attitudes
and perceptions about long-term changes in temperature and
rainfall patterns and vulnerability to food insecurity and ana-
lyze the relationship between the intensity of climate change
adaptation practices and household food insecurity. The main
findings are discussed below.
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5.1 Small family farms climate change adaption
practices in central Bekaa

The majority of the households in Central Bekaa believe that
climate change is occurring, is attributed to human factors,
and has adverse impacts on livelihoods. They have a great
deal of understanding about the causes of climate change,
which had led them to adopt various adaptation and mitigation
measures. Crop-based adaptation strategies, such as mixed
cropping, crop rotation, and intercropping, are among the
most commonly used adaptation measures; such practices
are often associated with risk reductions (Elum et al., 2017;
Gebrehiwot & Van Der Veen, 2013; Shikuku et al., 2017;
Shisanya & Mafongoya, 2016; Tripathi & Mishra, 2017).
Crop-based adaptation practices may help the households in

Central Bekaa to mitigate the risk of crop failure due to the
recurring variability in rainfall patterns. Farmers in the region
appeared to be more reliant on seasonal crops that require
shorter growing periods (e.g., vegetables and cereals).
Intensive use of chemical fertilizers and soil and water con-
servation techniques were the other top-ranked measures tak-
en by the farming households in Central Bekaa. The intensive
use of chemical fertilizers was expected, as the households
were almost exclusively reliant on agrochemical companies
for input supply and extension services. Therefore, private
companies may have an incentive to push this solution, while
public extension services might not be inclined to do so. Also,
despite its potential to contribute to climate change mitigation
and adaptation (Mbow et al., 2014) and the claim by the ma-
jority of the households that deforestation is the main cause of
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climate change, agroforestry is relatively not among the top-
ranked adaptation measures in the study context. Institutional
support may be needed to raise awareness about the economic,
social, and environmental benefits of agroforestry (see for
example Pandey et al., 2017).

The households use multiple environmentally sustainable
agricultural practices. This is consistent with a study in Oman
(Choudri et al., 2013) but in contrast to the findings in sub-
Saharan Africa in which higher percentages of non-adopters
have been reported (Fosu-Mensah et al., 2012; Tambo &
Abdoulaye, 2013; Zamasiya et al., 2017). We suggest two
explanations. First, countries in semi-arid and arid regions
have severe water scarcity, making sustainable agricultural
practices critical to adapt to the adverse effects of climate

change on agriculture (Ragab & Prudhomme, 2002). The
Middle East is the most water-stressed region in the world
(Joffe, 2016). Due to increasing temperatures and decreasing
rainfall patterns, most farmers in Central Bekaa use irrigated
agriculture (82.5%). In the previous 5 years alone, groundwa-
ter levels have decreased by more than 15m (see, for example,
Jaafar &Ahmad, 2020). Thus, the households in this study are
increasingly concerned about the depletion of groundwater
sources. The use of multiple adaptation strategies in Central
Bekaa may suggest the households’ response to counter the
effect of climate change on agriculture. Second, Bekaa Valley
has been a focus of research by many local and regional insti-
tutions such as the Lebanese Agricultural Research Institute
(LARI), the International Center for Agricultural Research in
the Dry Areas (ICARDA), and the American University of
Beirut (AUB). For example, AUB has been testing the eco-
logical and yield impacts of conservation agriculture in the
Bekaa valley (Chalak et al., 2017). Such interventions should
have raised awareness of the importance of environmentally
sustainable agriculture practices.

5.2 Household food security in central Bekaa

Overall, the results of the food security questionnaire revealed
that most households had insufficient food security scores.
Based on HFIAS, only 7.5% of the households were fully
food secure, and around 3% of them were fully food insecure.
The remaining 89% were mild to moderately food insecure.
The level of food insecurity in the study area is higher than
that of Jomaa et al. (2019), based on nationally representative
data. This suggests the vulnerability of those households rely-
ing on agriculture. FCS, which captures food quality and di-
versity, based on food groups consumed over the past seven
days, indicates acceptable nutrition among the households.
Also, the MIAHFP index showed February and March being
the hunger months. Food purchase was the principal coping
mechanism for the households in the study. This is not sur-
prising as pluriactivity is one of the main features of family
farms; the overwhelming majority (70%) of the households

Table 4 The relationship between food insecurity and climate change
adaptation practices

Variable HFIAS (std. error)

Demographic factors

Gender 0.072 (0.107)

Age 0.008 (0.005)

Education (1 = none; 4 = high school and above) 0.011 (0.062)

Household size 0.074*** (0.029)

Farming experience −0.125* (0.067)
Family farm type (1 = small, 0 = medium) 0.296*** (0.092)

Off-farm income (% of total family income) 0.004*** (0.002)

Farming characteristics

Livestock (# cattle: 0 = ≤ 5; 1= >5) 0.005 (0.124)

Seasonal crops

Vegetables (focused 1 = yes; 0 = no) −0.176*** (0.041)
Cereal crops (focused 1 = yes; 0 = no) −0.225** (0.097)

Permanent crops (focused 1 = yes; 0 = no) 0.132 (0.093)

Multiple-use of sustainable agriculture practices 0.168** (0.072)

Constant −0.114 (0.504)

Pse R-squared 0.0982

Prob > chi2 0.0000

*P-value < 0.10; **P-value < 0.05; ***P-value < 0.01.

Fig. 7 Relationship between food
insecurity and environmentally
sustainable agricultural practices
in Central Bekaa
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combine agricultural and non-agricultural activities for their
livelihoods. The question remains, however, on the implica-
tion of increasing off-farm income activities on the future of
agriculture and household food security. Although off-farm
activity may help households to overcome short-term liquidity
problems (including the purchase of agricultural inputs), it can
negatively affect agricultural production (Pfeiffer et al., 2009).
Generally, the households may engage in non-farm income
activities temporarily, as an intermediate means to expand or
quit farming, or strategically as part of their lifestyle (to com-
bine rural life) and permanent job off the farm to increase
family income (Blad, 2010). In fact, given the significance
of small family farms in Lebanon’s natural, religious, and
cultural heritages, pluriactivity appears to be a key aspect of
the agrarian structure. However, if public policy continues to
ignore the agriculture sector, some farmers may exit the sector
and use their farms to generate non-agricultural income
permanently.

Lebanon is heavily reliant on food imports (about 80% of
total food demand) and has inherent food insecurity risks. The
country was already in an economic meltdown before the
recent global pandemic (COVID-19) started; the economic
crisis led to the eruption of public protest on 17 October
2019. The combined effects of the economic crisis and
COVID-19 have led the value of the Lebanese Lira to fall
by more than 80% against the US dollar and deteriorated the
country’s food security situation.

5.3 Relationships between sustainable agriculture
practices and household food security

One major contribution of this study is its focus on explor-
ing the interplay between environmentally sustainable ag-
ricultural practices and household food security. Of the
currently applied 12 agricultural practices, 11 of them were
environmentally sustainable, and all the households used
two or more of such practices. We focused on the top five
environmentally sustainable practices for the correlation
analysis—i.e., mixed cropping, soil conservation, crop ro-
tation, intercropping, and water conservation. These prac-
tices were implemented by more than 80% of the house-
holds. For household food insecurity, we used the HFIAS
scores.

Scholars, international organizations, national govern-
ments, and civic societies have been increasingly calling
for sustainable practices that can simultaneously address
food security goals. Some studies have also found a posi-
tive relationship between the adoption of multiple adapta-
tion practices and higher food security levels (e.g., Ali &
Erenstein, 2017). However, a study in Malawi found no
significant relationship between the number of sustainable
practices and household income (Maguza-Tembo et al.,
2017). This may be attributed to competing social,

economic, and ecological goals while implementing differ-
ent environmentally sustainable practices (Miller et al.,
2011). For example, trade-offs could arise when individual
farmers have competing uses of farmland (Klapwijk et al.,
2014); this may become more difficult when such trade-
offs involve small family farmers, such as in the study
context, whose land size is on average 0.84 ha. Those
households who adopted more environmentally sustain-
able agricultural practices did have an increased level of
food insecurity. Small family farmers are likely to have
many competing challenges regarding environmental sus-
tainability and food security goals. Further analysis of the
various adaptation practices that were implemented by the
households revealed evidence of complementarity and
trade-offs (see Appendix). Unfortunately, government in-
stitutions have little support to improve the households’
adaptive capacity to deal with potential trade-offs. CSA
has been promoted as a useful approach to mitigate climate
change challenges, identify synergies and trade-offs on ag-
riculture, and propose context-specific climate change ad-
aptation solutions (Lipper et al., 2014). However, CSA has
been criticized for its lack of specificity on the relationship
between climate change, agriculture, and development
(Neufeldt et al., 2013; Taylor, 2018) and its failure to in-
corpora te loca l innova t ions (Whi t f i e ld , 2015) .
Unfortunately, in Lebanon, agriculture extension service
is left largely to the private sector (agrochemical compa-
nies). Although private extension may be useful to promote
the uptake of new agricultural technologies, agrochemical
companies operate under a business model that may not
always align with sustainability objectives. A public exten-
sion can help build small family farmers’ capacity to select
appropriate sustainable practices balancing climate change
adaptation and food security goals.

Looking at the other socioeconomic variables, those
households whose large portion of the family income
comes from off-farm activities tend to have increased food
insecurity levels. Although off-farm activities could con-
tribute to household food security, the findings in the study
suggest otherwise. We provide the following explanations.
Lebanon is heavily reliant on food imports. Furthermore,
due to the political and economic uncertainties, the value
of the Lebanese Lira continues to fall against the US dollar,
further deteriorating the country’s food security situation.
Therefore, those households who rely more on off-farm
activities than agriculture are likely to be heavily depen-
dent on markets to access most of the household food de-
mand, disproportionately affecting their food security situ-
ation. Also, households who focused on seasonal crops
such as vegetables and staples (e.g., cereals, tuber crops)
were more likely to have improved food security than those
with permanent crops. This is not surprising because sea-
sonal crops are often the primary targets for agricultural
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intensification. Households can easily maximize crop
yields by using high agricultural inputs and alter their pro-
duction decision depending on market conditions. The
availability of low-wage labor (due to the refugees) in the
area may be another incentive to focus on intensive agri-
culture and seasonal crops. Also, the market price for veg-
etables may be increasing due to behavioral changes to-
ward healthier diets. Several studies in Africa have shown
the contribution of high-value vegetable production on
household incomes (e.g., Douxchamps et al., 2016).
However, farmers’ decision to focus on seasonal crops
such as vegetables may not necessarily relate to climate
change (see, e.g., Barbier et al., 2009). A slight change in
temperature and rainfall patterns can have a detrimental
effect on the yield and quality of vegetables (Ahmad &
Rasool, 2014). In the study context, households are in-
creasingly reliant on irrigated agriculture to overcome fluc-
tuations in rainfall patterns. There is already evidence of
the depletion of groundwater sources in the region due to
the over-pumping of water for irrigated agriculture (Jaafar
& Ahmad, 2020).

6 Conclusions and policy implications

The study sought to examine the perceptions and attitudes
toward changes in rainfall and temperature patterns, which
identify climate change adaptation strategies supporting
household food security in the arid and semi-arid Middle
Eastern context. The overwhelming majority of households
believed that climate change is occurring and caused by
human activities. More specifically, they noted a signifi-
cant increase in temperature and a decrease in rainfall
amount, frequency, and length of the rainy season.
Despite the small farm size, all the households implement-
ed multiple sustainable adaptation practices, and the main
ones include mixed cropping, soil conservation techniques,
crop rotation, intercropping, and water conservation tech-
niques. However, we found a strong negative correlation
between the use of multiple sustainable practices and food
security, providing evidence of potential trade-offs in ap-
plying multiple sustainable practices. It is possible that
more households that are vulnerable to food insecurity
are not applying the techniques properly, for example,
due to resource shortages, or they try many things but only
serve to dilute efforts rather than improve resilience. The
findings suggest a need to refocus research from the ques-
tion of whether family farmers are willing to adopt (or not)
climate change adaptation practices to identifying and cre-
ating awareness of those practices balancing social, eco-
nomic, and environmental sustainability in a specific
context.

By focusing on the perceptions and attitudes of small
family farmers and their climate change adaptation strate-
gies and food security, the study contribute to the debate
on the future of family farms as a path to sustainable food
production (Graeub et al., 2016). Such studies are scant in
Lebanon and the Middle East. One study from Lebanon,
Trærup and Stephan (2015), focused on the economic fea-
sibility of (two) selected technologies to adapt to climate
change— ra inwater harves t ing and conserva t ion
agriculture. In another study of Oman, Choudri et al.
(2013) documented the adaptation strategies of farming
communi t i e s in the Al -Bat inah coas ta l reg ion .
Furthermore, available studies in the Middle Eastern con-
text have focused on the role of large-scale projects, such
as desalination plants, dams, inter-basin water transfers,
groundwater aquifers, and virtual water imports, on food
security (Sowers et al., 2011, p.599).

The study also provides several implications for policy
in the study context. First, there is a need for clearly de-
signed agricultural policies capitalizing on local opportu-
nities to revive agriculture and prevent excessive switching
of small family farmers to off-farm activities. The study
indicates a failure in the public extension system and am-
biguity on the use of multiple (environmentally sustain-
able) adaptation practices. The government should expand
its extension services to reach out to small family farmers
and build their capacity to use innovative climate change
adaptation practices that can economize on the scarcer re-
sources in the region, such as water and agricultural land.
Second, revitalizing the agriculture sector should include
easing liquidity constraints of small family farms and pro-
viding crop insurance mechanisms to improve their access
to farm inputs, markets, and finance. Third, the country has
inherent food insecurity risks, and the younger generations
are increasingly less interested in agriculture. This might
lead households to turn their farms into non-farm activities
permanently. The households are aware of changes in tem-
perature and rainfall patterns and attempting to adapt to
such changes by using multiple practices. However, their
decision needs to be supported by scientific evidence and
proper training. The recent global pandemic (COVID-19)
has given a harsh lesson to Lebanon that has relied on food
imports by prioritizing its resources to sectors outside of
agriculture. This unfortunate global pandemic is another
reminder of the importance of local production and small
family farms more than ever. Finally, seasonal crops (such
as vegetables and cereals) are contributing to food security
in the region. However, this may further exacerbate the
increasing use of input-intensive agriculture and ground-
water resources for irrigated agriculture in Bekaa Valley.
Attention needs to be paid to alternative water sources.
Studies are showing promising results on the use of
recycled or treated wastewater for irrigated agriculture
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while maintaining the quality and yield of many horticul-
tural crops in arid and semi-arid environments (Libutti
et al., 2018). Soil mulching and drip irrigation are also
other environmentally sustainable practices that could en-
hance water efficiency in production agriculture (Nouri
et al., 2019). Rainwater harvesting is also found to be eco-
nomically feasible in the context of Lebanon (Trærup &
Stephan, 2015).

As a final note, although the study used primary data to
achieve its objectives, future research may look into some of
the limitations or unexpected findings from this study. The
findings suggest that the use of multiple sustainable agricul-
tural practices may not always improve food security, espe-
cially at the level of small family farms. However, this study
was cross-sectional and did not capture the long-term benefits

of such practices. Future research may use panel data or cross-
country studies to explore potential trade-offs and synergies
between the current and future sustainable practices. Also, the
relatively small sample size (120 households) makes the gen-
eralization of the findings somehow difficult. This limitation
however does not invalidate the study conclusions rather it
encourages further research covering the whole of Lebanon
and the region.

Appendix

Table 5 Pairwise coefficients of climate change adaptation practices in Central Bekaa

Adaptation strategies (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Change planting dates (1)

Grow early maturing varieties (2) 0.431
***

Grow different varieties on the same plot (3) 0.104 0.272
***

Integration of trees into farming systems/shading
for animals (4)

−0.055 0.399
***

0.182
**

Apply soil conservation techniques (5) −0.122 0.025 0.191
**

−0.016

Apply water conservation Techniques (6) 0.234
***

0.450
***

0.544
***

0.307
***

−0.081

Apply mixed cropping (7) 0.049 0.105 0.226
**

0.084 0.494
***

−0.040

Apply crop rotation (8) −0.151
*

0.108 0.016 −0.019 0.383
***

−0.100 −0.021

Grow drought tolerant varieties (9) 0.149 −0.099 0.098 0.096 −0.058 0.223 −0.125 0.008

Apply crop-livestock integration (10) 0.148 −0.047 −0.275
***

−0.207
**

0.117 −0.183
**

0.058 0.059 0.004

Increased use of chemical fertilizers (11) −0.245
***

0.144 0.143 0.361
***

−0.024 0.452
***

−0.061 0.095 0.149 −0.221
**

Increased use of organic fertilizers (12) −0.054 0.101 0.310
***

0.035 0.448
***

0.034 0.304
***

0.346 -0.095 −0.212
**

0.19

*P-value < 0.10; **P-value < 0.05; ***P-value < 0.01
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