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Abstract: Farm households, especially in developing countries, are among the most vulnerable to
food insecurity and poverty. A farming system approach is largely recognized to play an important
role in supporting strategies to improve food security and alleviate poverty among farm households.
This paper aims at exploring the drivers of food insecurity among farm households in developing
countries, using a farming system approach. It also aims to explore farm households’ perceptions
regarding the causes of food shortages and the adopted coping strategies, and how these vary across
farming systems. This analysis was based on data extracted from an agricultural census, which
were analyzed through scatter plots and plot means with 95% confidence intervals. The results
indicate that the factors analyzed (level of specialization, market integration, use of yield-raising and
labor-saving inputs, farm size, population density, and rainfall) are important drivers explaining food
insecurity among farm households, highlighting important differences across farming systems. The
analysis also showed that farm households’ perceptions regarding the causes of food shortages are
related with the abovementioned drivers of food insecurity. Our findings suggest that less specialized
farming systems with better access to markets, using yield-raising and/or labor-saving inputs, are
more likely to be food secure. The farming system approach proved to be a useful approach to explore
food insecurity drivers and coping strategies as well as to support policymaking. Moreover, the use
of an agricultural census data provides an easily attainable tool to access and analyze farm-level data
for policy analysis and to explore and understand a range of issues affecting farm households in
developing countries.

Keywords: farming systems; food security; coping strategies; policy design; Mozambique

1. Introduction
1.1. Background

Global hunger has remained high in the last decade, with higher levels being observed
in developing regions [1]. Poverty alleviation and food security have been at the top
of the policy agenda in many developing countries, with the implementation of several
development programs and strategies over the years. Despite this, Africa continues to be the
region with rising and highest prevalence of undernourishment (20.4% of the population)
and moderate or severe food insecurity (58% of the population), being far from meeting
the food security and nutrition targets of Sustainable Development Goal 2 (SDG 2) and the
Malabo Declaration [2].

Most food insecure people in developing countries live in rural areas, where poverty
is predominant, depending on agriculture and natural resources for their livelihoods,
thus being among the most vulnerable to shocks, such as those associated with climate
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change [3,4]. Africa is considered to be the most vulnerable and least prepared developing
region in the World, to have to deal with the impacts of climate change [5], which will
translate into significant increases in hunger and food insecurity if no action is taken.

In many developing countries, food insecurity is seen as a consequence of inadequate
policies, not only related to the agricultural sector, but also with development policies [6,7].
Poverty has been considered one of the biggest drivers of food insecurity (i.e., low so-
cioeconomic development) which, if associated with climate-related disasters, exacerbates
food insecurity [3,8–10]. Therefore, poverty plays an important role in contributing to both
climate and food insecurity vulnerability.

Considering the close relationship between food insecurity and poverty, one can
also argue that to address food insecurity, one must address poverty. Persisting poverty
contributes to entitlement failure, and the collapse of entitlements undermines the capacity
of families to achieve household food self-sufficiency and security [11]. Achieving food
security, especially in Sub-Saharan Africa, therefore requires policies and actions that are
integrated with efforts to reduce poverty, enhance livelihoods and incomes, and increase
agricultural output, while also considering the underlying structural factors (historical
and contemporary processes) affecting agriculture [11]. Then, food insecurity can be seen
as a structural problem, requiring long-term and integrated policies. Nevertheless, it is
also true that many African countries have failed to adequately address food insecurity,
both in the short- and medium- or long-term. While recognizing that long-term, integrated
policies are of utmost importance to address food insecurity in developing countries, this
paper considers that it is also important to address food insecurity in the short-term to
avoid deepening food insecurity. That is, although poverty alleviation and socioeconomic
development are important factors contributing to improve food security [11], it is also
important to acknowledge that people are not passive victims of food insecurity and hunger,
but active actors in responding to the risks and situations they face in their daily lives,
including food shortages [12]. Therefore, it is important to understand how, even in the
context of extremely low socioeconomic development, farm households respond and cope
with food insecurity.

1.2. A Farming System Approach to Food Insecurity

Governments in developing countries have been criticized for their failure in achieving
these relevant societal goals (i.e., reducing poverty and improving food security), as most
of them usually adopt one-size-fits-all policies [13,14]. To maximize rural and agricultural
development and contribute to improve food security among rural farmers in developing
countries, the heterogeneity of farm households should be considered in policy design and
implementation [13,15–17]. Households’ experiences and responses to food insecurity may
differ based on the context and circumstances they live on [12,18,19]. One way of dealing
with this heterogeneity is through a farming system approach (FSA), aggregating farms
into groups with similar production patterns, i.e., similar farm-level decisions regarding
what and how to produce [3,8,17]. The conceptualization and evolution of the FSA have
been significant, evolving from a focus on the farmer, which had the central role in farming
systems development [3,20], to a broader approach focusing on the household and their
livelihoods, aimed at agricultural development, natural resource management, market
access policies, societal goals, and others [3]. Since then, the FSA has been widely used, e.g.,
for policy analysis [21], and to explore issues such as food security [22,23], poverty [3,22,24],
climate change [8,25–27], agricultural innovation [15], household livelihoods’ strategies
and behaviors [13,28], biodiversity and ecosystem services [29], among others.

Food security and poverty levels differ considerably across farming systems, and
the strategies used by families to cope with food shortages also vary according to the
resources available to them (i.e., the farming system) [17]. Therefore, understanding the
characteristics of the main farming systems in a region provides a consistent framework to
address food security problems while integrating agricultural diversity and exploring fitted
solutions for each case [3,17,23,24,26]. Moreover, the FSA allows the rationality behind
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farmers’ decisions to be understood, which provides the basis for understanding how
government policies may affect farmers’ management and decision making, and therefore
food security levels [8,14,17,29]. An understanding of how food-insecure farm households
behave (i.e., coping strategies adopted) also gives useful insights for policymakers.

Some studies explored food insecurity coping strategies adopted by different socioeco-
nomic groups [18], or between rural and urban settings [12]. However, there are little or no
studies exploring coping strategies adopted by farm households in different farming sys-
tems. Considering that the rural population, in particular farm households, is considered
the most vulnerable to food insecurity, it is important to understand how coping strategies
vary across farming systems.

In this context, this study aims at exploring the following: (i) the drivers of food
insecurity affecting farm households across farming systems; (ii) the association between
farm households’ perceptions regarding the causes of food shortages and the drivers of food
insecurity; and (iii) the coping strategies adopted across farming systems. This paper does
not assume that the strategies presented and discussed in objective (iii) are the solutions
to improving food security among farm households in developing countries. Instead, we
argue that an understanding of the drivers and adaptation strategies adopted by food
insecure farm households, based on an FSA, offers relevant insights for policy design and
evaluation in a way that it can contribute to meeting food security objectives for farm
households in developing countries in the short-term. This knowledge will provide a
basis for policymakers to make short- and medium-term decisions that will allow farm
households to reduce their vulnerability considering the resources currently available to
them (in their farming system). This analysis aims to contribute to better policy design
focused on improving food security in developing countries, where poverty is a reality and
agriculture plays an important role in farm households’ livelihoods.

Mozambique was chosen as a case study, as it is considered one of the poorest countries
in the world, with high levels of food insecurity and where agriculture is the main source
of income, subsistence, and employment for the majority of the population, with farm
households being the most vulnerable to food insecurity—as it is the case of many other
developing countries where the farming system approach has just begun to be explored
(e.g., [8,30]).

This paper has five sections: Section 1 is the introduction where we describe the scope
and objectives of the paper, review the literature, and present the state of the art, focusing
on the farming system approach and its usefulness to explore food insecurity in developing
countries. Section 2 refers to materials and methods, where we describe the study area, the
baseline data, and the statistical analyses performed. Section 3 presents the main results,
focusing on the drivers of food insecurity across the farming system, as well its association
with farm households’ perceptions of the causes of food shortages, and the corresponding
strategies adopted to alleviate food shortages, across farming systems. This is followed by
a discussion in Section 4, and conclusions in Section 5.

2. Materials and Methods
2.1. Study Area

Mozambique is located on the southeastern coast of Africa (Figure 1), being charac-
terized by a humid climate in most central and northern regions and a semi-arid climate
occurring in the south-west and upper Zambezi Valley, in the central region [8,17].



Agronomy 2024, 14, 2608 4 of 31Agronomy 2024, 14, x FOR PEER REVIEW 4 of 33 
 

 

 
Figure 1. Administrative division of Mozambique (provinces are named; district boundaries in grey). 

In terms of poverty, estimates indicate an increase in consumption poverty, from 
46.1% in 2014/15 to 65% in 2022 [31], being higher in rural areas where two thirds of the 
population is concentrated. The agricultural sector is considered by the Constitution of 
Mozambique as the basis for development and a priority sector of the economy [17]. Its 
potential role in decreasing poverty and improving food security in the country is highly 
recognized [32], as it is a major source of employment, subsistence, and income for most 
of the population (ca. 70%). 
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extremely dependent on rainfall [17]. The country’s agroecological potential for agricul-
ture is heterogeneous, encompassing ten agroecological zones [34], with variable agricul-
tural suitability, which are defined mainly by rainfall and soil type [17]. 

Most of the domestic food (ca. 95%) is provided by small farmers. The production is 
dominated by roots and tubers (especially cassava), cereals (maize, millet, sorghum, and 
rice to a certain extent), groundnuts, and legumes (horticultural crops) [17]. Basic food 
crops are mostly for households’ own consumption, and only marginal surpluses are sold 
in local markets [17,35]. Important cash crops are tobacco, cotton, sugar cane, sesame, and  
soybean in recent years [36]. 

The latest reports on food and nutrition security for Mozambique indicate that 24% 
of households are considered chronically food insecure [37], 50% are acutely food insecure 
[38,39], and 56.5% of the population had food shortages in 2022 [40]. Food insecurity is 
higher in rural areas, being predominant in areas where most of the food is produced 
(central and northern regions). Households depending on agriculture are the most vul-
nerable to food insecurity in Mozambique [37]. Total food production in Mozambique 
varies significantly both inter-annually and seasonally. Low levels of market integration 
and poor availability of foreign exchange to meet food needs through imports also pose 
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Figure 1. Administrative division of Mozambique (provinces are named; district boundaries in grey).

In terms of poverty, estimates indicate an increase in consumption poverty, from
46.1% in 2014/15 to 65% in 2022 [31], being higher in rural areas where two thirds of the
population is concentrated. The agricultural sector is considered by the Constitution of
Mozambique as the basis for development and a priority sector of the economy [17]. Its
potential role in decreasing poverty and improving food security in the country is highly
recognized [32], as it is a major source of employment, subsistence, and income for most of
the population (ca. 70%).

The agricultural sector is dominated by smallholders—family farms—which account
for 99% of all farms [33]. Agriculture is mostly rainfed (98% of the farms), thereby being
extremely dependent on rainfall [17]. The country’s agroecological potential for agriculture
is heterogeneous, encompassing ten agroecological zones [34], with variable agricultural
suitability, which are defined mainly by rainfall and soil type [17].

Most of the domestic food (ca. 95%) is provided by small farmers. The production is
dominated by roots and tubers (especially cassava), cereals (maize, millet, sorghum, and
rice to a certain extent), groundnuts, and legumes (horticultural crops) [17]. Basic food
crops are mostly for households’ own consumption, and only marginal surpluses are sold
in local markets [17,35]. Important cash crops are tobacco, cotton, sugar cane, sesame, and
soybean in recent years [36].

The latest reports on food and nutrition security for Mozambique indicate that 24%
of households are considered chronically food insecure [37], 50% are acutely food inse-
cure [38,39], and 56.5% of the population had food shortages in 2022 [40]. Food insecurity
is higher in rural areas, being predominant in areas where most of the food is produced
(central and northern regions). Households depending on agriculture are the most vulnera-
ble to food insecurity in Mozambique [37]. Total food production in Mozambique varies
significantly both inter-annually and seasonally. Low levels of market integration and poor
availability of foreign exchange to meet food needs through imports also pose additional
challenges to food security in the country [17,32].

2.2. Data
2.2.1. Farming System Typology

This paper uses a farming system (FS) typology developed for Mozambique by Abbas
et al. (2023) [8]. Farming systems are defined as a population of individual farm systems
that have broadly similar resource bases, enterprise or productive patterns, household
livelihoods, and constraints, and for which similar development strategies and interven-
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tions would be appropriate [3]. The farming system, as defined by Abbas et al. (2023) [8],
represents a set of individual farm households with similar productive decisions regarding
land use and cover, livestock composition, and yield-raising and labor-saving input use.
Under this concept, farms operating the same farming system are thereby expected to react
similarly to external stimuli, such as climate, market prices, or policy changes.

Abbas et al. (2023) [8] developed a new approach for the classification of farms by
farming system in developing countries, based exclusively on agricultural census data
that directly reveal farmers’ productive decisions, which distinguishes it from approaches
adopted by previous studies [3,41]. Thus, the FS typology presented describes the choices
made by farmers, which are taken as the broader set of possible options available for farm
households in the study area [8].

Abbas et al. (2023) [8] used data from the 2009–2010 Mozambique agricultural census
to derive the FS typology. The 2009–2010 agricultural census, although not recent, is the
latest agricultural census to date, providing detailed and comprehensive data collected at
the farm-level (including data on land use and cover, livestock, agricultural practices, input
use, value of production, production resources, food security, etc.), from a representative
sample of farm households in the whole country. More recent databases (such as the
agricultural integrated surveys) are less comprehensive and do not include food security
data. Abbas et al. (2023) [8] analyzed the data at the farm household level—a farm referring
to all parcels of land managed by the same household [17]—from a sample of 27,805 farm
households [8]. Only small and medium farms—as defined in the agricultural census [33]—
were included in the analysis, accounting for 99% of the total farms in Mozambique
and which concentrate most of the food insecure population [33]. A set of variables
(Table A1 in Appendix A) representing farm households’ productive decisions regarding
agricultural land use and cover, livestock composition and density, yield-raising (i.e.,
fertilizer, pesticides, and manure), and labor-saving (mechanical or animal traction) input
use was then used to derive the FS typology, through principal component and hierarchical
cluster analysis [8]. Sixteen farming systems were derived by Abbas et al. (2023) [8],
representative of the main FS in Mozambique, whose spatial distribution was mapped at
the district level (second administrative division of Mozambique) (Figure A1) [8]. Figure 2
presents the spatial distribution of these farming systems by zones, representing districts
(second administrative division) with similar farming systems composition (pie charts in
Figure 2) [8].

Agronomy 2024, 14, x FOR PEER REVIEW 6 of 33 
 

 

 
Figure 2. Farming systems’ spatial distribution in Mozambique. Source: Abbas et al. (2023) [8]. 

The main characteristics of each of the 16 farming systems are presented in Table 1. 

Figure 2. Farming systems’ spatial distribution in Mozambique. Source: Abbas et al. (2023) [8].

The main characteristics of each of the 16 farming systems are presented in Table 1.
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Table 1. The farming systems of Mozambique and characterization of the representative farm household.

Farming System Description

FS1. Tobacco and Maize
A market-oriented FS (on avg. 35% of the output is sold), where farmland is mostly composed by tobacco (40%), maize, and beans (36% collectively), using
yield-raising inputs such as fertilizers and pesticides (on avg. applied on 55% and 14% of farmland, respectively). Low livestock density (0.60) including
chickens and goats. Farms are mostly managed by men (85%), with a farm size of 2.3 hectares (ha), and the household usually has 5 members.

FS2. Cotton
Farmland is mostly dedicated to cotton (57%), other crops include maize, sorghum, and beans (covering together 26% of the farmland). On avg. about 1/4 of
the area uses pesticides. Low livestock intensity (0.88), including small and large livestock (e.g., chickens and cattle). Integrated in the market. The farm size is
1.8 ha and the household has usually 5 members. Farms are mostly managed by men (87%).

FS3. Sesame and Maize
Maize and sesame occupy, on avg., 31% and 27% of the farmland, respectively. Other crops include beans, cassava, sorghum, and others. Low livestock-density
(0.55), with chickens and goats. Farm households do not use yield-raising inputs. Integrated in the market. On average, farm size is 1.4 ha and the household
has usually 5 members. Farms are mostly managed by men (77%).

FS4. Food Crops Farmland is mostly dedicated to horticultural crops (32%), maize (26%), sorghum (18%), and beans (9%). Very low livestock density (0.20), with only a few
chickens. Does not use yield-raising inputs. On average, the farm size is 1.1 ha, with 5 household members and 41% of farms are managed by women.

FS5. Basic Food Crops Most of the farmland is used to produce cassava, Leguminosae (beans and groundnuts), and maize; with the lowest livestock density (0.14). Farm households
do not use yield-raising and labor-saving inputs while 40% of farms are managed by women and have, on average, 1 ha and a household size of 5 members.

FS6. Mixed Livestock and Maize

On avg. 3/4 of the area is dedicated to food crops such as maize, Leguminosae, and cassava. Nevertheless, this is one of the few FS that also produces
horticultural crops and rice (occupying on avg. 10% and 6% of the farmland). Livestock density is higher (2.40), with a variety of animals, including chickens
(14 on avg.), bovine (6), goats (4), pigs and sheep (1 of each). Most farm households use tractors (96%) and some use bovine traction (43%). Farm size is about
2.3 ha, and the household has on avg. 7 members while 44% of farms are managed by women.

FS7. Bovine, Maize, and Other
Food Crops

Farmland is dedicated mostly to food crops, including maize (46%), horticultural crops (15%), beans (13%), cassava (11%), groundnuts (8%), and rice (6%). The
highest livestock density (6.12), with mostly cattle and 87% of farms use bovine traction. Mostly managed by men (70%), with farm size of 2 ha, and the largest
household (on avg. 8 members).

FS8. Roots and Mixed
Permanent Crops

Farmland is mostly dedicated to roots and tubers (e.g., sweet potato and cassava)—on avg. 3/4 of the farmland. Permanent crops occupy ca. 1/4 of equivalent
farmland (e.g., mango trees). Low livestock density (0.78). Farm size is less than 1 ha and 46% of farms are managed by women. The household size is 5.

FS9. Cashew and Mixed Basic
Food Crops

Most farmland is dedicated to cassava (40%), Leguminosae (beans and groundnuts, 30%), and cereals (maize and sorghum, 26%). On avg. 27% of equivalent
farmland has permanent crops, with ca. 80% being cashew trees. Extremely low livestock density (0.18) and 38% of farms are managed by women, with a farm
size of 1 ha, and the smallest household size (4 members).

FS10. Rice and Mixed
(Permanent Crops and
Livestock)

On average 93% of the farmland is dedicated to rice and 17% of equivalent farmland includes permanent crops, with half of it with coconut and mango trees.
Low livestock density (0.76). Farm size is less than 1 ha and 45% of farms are managed by women, with households of 5 members.

FS11. Small Livestock and
Mixed Crops

The farmland is dedicated mostly to food crops (maize, cassava, Leguminosae, and sorghum), with a few mango and cashew trees. Low livestock density (0.32)
including only chickens. Farm size is 1.1 ha and 35% of farms are managed by women, with households of 5 members.
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Table 1. Cont.

Farming System Description

FS12. Swine and Mixed Crops Like FS11, but with higher livestock density (0.87), including, in addition to chickens, also pigs.

FS13. Sheep and Mixed Crops Like FS11 in terms of food and permanent crops produced. Medium livestock intensity (1.46), including sheep, chickens, and goats. Farm size is 1.3 ha and 77%
of farms are managed by men, with households of 6 members.

FS14. Goats and Mixed Crops Like FS13, but with slightly less livestock density (1.28) including only goats and chickens. Farms are managed mostly by men (69%).

FS15. Mixed Livestock,
Horticultural, and Mixed
Permanent Crops

The farmland is largely irrigated (86%), dedicated mostly to horticultural crops (on avg. 73%), with 27% of equivalent farmland with mango and other fruit
trees. High livestock density (2.95) including a variety of animals, such as chickens, bovine, goats, and pigs. Integrated in the market, with intensive use of
yield-raising inputs (37% of farmland uses pesticides, 43% fertilizers, and 54% manure). Farms are mostly managed by men (74%), with a farm size of 1 ha, and
household size of 6 people.

FS16. Mixed Livestock, Coconut,
and Cassava

The farmland is dedicated mostly to cassava (50%) and Leguminosae (30%). Permanent crops occupy almost 90% of equivalent farmland, with more than half
of the area with coconut trees. High livestock density (2.54), including chickens, bovine, goats, and pigs with 60% of farms using bovine traction. Farms are
managed mostly by women (51%), with farm size of 1 ha, and household size is 6 people.

Source: Abbas et al. (2023) [8].
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2.2.2. Food Insecurity: Drivers, Perceived Causes, and Coping Strategies

The farming system typology developed by Abbas et al. (2023) [8] was used as a frame
to explore the drivers of food insecurity, based on the reports of food shortages by farm
households. It was also used to explore their perceptions on the causes of food shortages
and the adopted coping strategies by farming systems. In the present study, food shortage
was considered as an indicator of food insecurity, where a farm household was considered
food insecure if it declared that it had experienced food scarcity in the last 12 months,
meaning that farm household members were unable to consume the food that they would
normally do. Food shortage data were extracted from the 2009–2010 agricultural census,
being the most representative database including food security indicators at the farm
household level available to date. Furthermore, the use of the same database for both the
FS typology and food (in)security indicators allowed both the establishment of a direct
relationship between food shortages (i.e., food insecurity) and farming systems and the
exploration of its drivers and coping strategies across farming systems.

To explore the drivers of food insecurity, we considered, both descriptors (1–4) and
drivers (5–7) of farming system choice: (1) level of specialization—which refers to the
maximum contribution of a specific crop or livestock group for the total output (i.e.,
the proportion of a specific crop group or livestock type in total agricultural output);
(2) market integration—which is given by the proportion of output sold; (3) yield-raising
input intensity—the proportion of the farmland that uses yield-raising inputs (fertilizers,
pesticides, manure, and/or irrigation); (4) labor-saving input intensity—proportion of
labor-saving inputs used, considering the set of available labor-saving inputs (includes
animal traction, tractors, etc.); (5) Rainfall—refers to the annual average rainfall (mm)
computed based on average monthly rainfall for 1970–2000 collected from WorldClim 2.0,
with a spatial resolution of 2.5 min [42]; (6) population density (inhabitants/km2), based
on data from the Mozambican Population and Housing Census 2007; and (7) farm size (in
hectares)—extracted from the agricultural census (see Tables A3 and A4). The choice of
these variables is explained by the fact that farm households’ food security levels, especially
in developing countries, are dependent on the farming system they adopt [8]. For instance,
access to input and output markets is considered an important factor stimulating yields and
contributing to increase farmers’ income, which can then be used to purchase food in times
of shortages [13,17,23,43]. Population density also plays an important role in explaining
farming system choice, as population growth influences the availability of agricultural land
per capita, therefore land use intensity and agricultural practices, which in turn impact
food security [44–46].

Data extracted from the agricultural census were used to explore the perceived causes
of food shortages (1) and the reported coping strategies adopted by farm households
affected by food shortages (2) across farming systems. In this analysis, we considered
perceived causes and strategies reported on average by at least 10% of farm households.
In this sense, the perceived causes of food shortages by farm households include the
following: (1) lack or irregularity of rain; (2) droughts; (3) pests; and (4) small farmland
(Table A4). Adopted strategies to alleviate food shortages include the following: (1) reduce
the time spent practicing agricultural activities to dedicate it to other activities; (2) use
most of the household savings; (3) increase the practice of mutual aid with other families;
(4) significantly reduce the quality of the diet (consume less meat, fish, and vegetables);
(5) sale of large animals such as cattle, goats, and pigs; and (6) increase family labor in the
farm (using other household members) (Table A4).

2.3. Statistical Analysis

To explore the drivers of food insecurity across farming systems, we analyzed the
relationship between the occurrence of food shortages and the factors influencing farming
system choice [8] through scatter plots with 95% confidence intervals, using the “ggplot2”
package in R version 3.6.2.
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To explore the relationship between farm households’ perceptions regarding the causes
of food shortages and the drivers of food insecurity, scatter plots with 95% confidence
intervals were used. The variation of coping strategies adopted by farm households affected
by food shortages across farming systems was analyzed through plot means. Both analyses
were carried out using R 3.6.2.

3. Results
3.1. A Farming System Approach to Explore Food Insecurity

This section explores the drivers of food insecurity affecting farm households across
farming systems in Mozambique; that is, it explores the associations between the likelihood
of food shortages and possible factors (drivers) influencing food insecurity, across farming
systems. It also explores farm households’ perceptions regarding the causes of food short-
ages and how these relate with the drivers of food insecurity, as well as the corresponding
strategies adopted by farm households to alleviate food shortages and how these vary
across farming systems.

3.1.1. The Drivers of Food Insecurity

The results suggest that there is a slight positive relationship between the level of
specialization and the likelihood of the farming system being food insecure (Figure 3a). For
instance, highly specialized farming systems (e.g., FS4—food crops, FS5—basic food crops,
FS8—roots and mixed permanent crops, FS11—small livestock and mixed crops, FS12—
swine and mixed crops), deriving more than 80% of the output from a single crop group
or livestock type, are considered either highly or moderately food insecure (Figure 3a).
Mildly specialized farming systems (e.g., FS1—tobacco and maize and FS2—cotton) are
among the most food secure farming systems. Nevertheless, FS15 (horticultural and mixed
livestock and permanent crops) and FS6 (mixed livestock and maize) although moderately
specialized are food secure, and FS9 (cashew and mixed basic food crops), although less
specialized than FS15 and FS6, is the most food insecure.

On the other hand, the likelihood of farm households being food insecure decreases
as market integration increases (Figure 3b). That is, FSs more integrated in the market
are less likely to be food insecure. FS1 (tobacco) and FS15 (horticultural mixed), which
are considered highly food secure, are also the ones with high use of yield-raising inputs
(Figure 3c). FS6 (mixed livestock and maize) is the system with the highest use of labor-
saving inputs, being also considered food secure; differing from FS7 (bovine, maize, and
other food crops) which, although with some use of labor-saving inputs, is food insecure
(44% of farm households reported food shortages).

Most food insecure farming systems, except for FS7 (bovine and maize), are predomi-
nant in areas with higher levels of rainfall (on average at least 950 mm) (Figure 4a). FS1
(tobacco), however, although predominant in humid areas, is the most food secure.

Except for FS15(horticultural mixed) and FS6 (mixed livestock), the most food secure
farming systems (i.e., FS1—tobacco, FS2—cotton and FS3—sesame and maize) are in areas
with low population density (less than 50 inhabitants per km2). FS6, although relatively
food secure, predominates in areas with the highest population density. Most food insecure
farming systems are predominant in areas with 50–150 inhabitants/km2. Regarding the
likelihood of occurrence of food shortages in relation to farm size, the results indicate that
the most food insecure farming systems (e.g., FS9—cashew, FS4—food crops, FS8—roots,
FS10—rice and mixed permanent crops and livestock) have on average, smaller farms (less
than 1.5 hectares). Food secure FSs, except for FS15 (horticultural mixed), have larger farms
compared with other FSs.
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Figure 3. Associations between the likelihood of food shortages (% of farm households) and: (a) spe-
cialization (given by the proportion of a crop group or livestock type in the total output); (b) market
integration (proportion of sales in total output); (c) yield-raising input use; and (d) labor-saving input
intensity, across farming systems (95% confidence interval plots) (N = 27,805 farm households).
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Figure 4. Associations between the likelihood of food shortages (% of farm households) and: (a) rain-
fall (mm); (b) population density (inhabitants/km2); and (c) farm size (hectares), across farming
system (95% confidence interval plots) (N = 27,805 farm households).

3.1.2. Perceived Causes of Food Shortages and the Drivers of Food Insecurity

Food insecure farm households, in farming systems predominant in areas with lower
rainfall levels, often perceive the lack or irregularity of rain as the main cause of food
shortages. For instance, both the lack or irregularity of rain and droughts were perceived
by food insecure farm households in FS7—bovine and maize (90% and ~40% of farm
households affected by food shortages), as the main causes of food shortages, as most of
these food insecure farm households are located in areas with rainfall levels of less than
700 mm (Figure 5a,b).

With FS10 (rice), however, although predominant in humid areas (>1000 mm), about
60% of food insecure farm households in this FS perceived rain as the main cause of
food shortages.

There is no clear relationship between the perception of small farmland as a cause
of food shortages and population density across farming systems (Figure 5c). On the
other hand, food insecure farm households in farming systems with smaller farms (e.g.,
FS10—rice, FS5—basic food crops, FS8—roots) perceived small farmland as a cause of
food shortages (Figure 5d). For farming systems with high use of yield-raising inputs (i.e.,
FS1—tobacco and FS15—horticultural mixed) smallholders and pests were not perceived
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as an important factor affecting food shortages (Figure 5e,f). Nevertheless, this was also the
case for food insecure farm households in FS7 (bovine) and FS16 (mixed livestock, coconut,
and cassava), although they did not use yield-raising inputs.
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Figure 5. Associations between the perceived causes of food shortages: (a) lack of rain; (b) droughts;
(c–e) small farmland; and (f) pests, and food insecurity drivers, across farming systems (95% confi-
dence interval plots). This information refers only to farm households that reported food shortages
(N = 11,936 farm households).
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3.1.3. Coping Strategies Adopted by Farmers to Face Food Shortages

To face food shortages, farm households have adopted a set of coping strategies
(Figure 6), adopting in some cases more than one strategy, depending on the farming
system in which they are integrated. For instance, farm households in FS4 (food crops),
when faced with food shortages, prioritized reducing the time dedicated to agriculture
and devoting it to other income-generating activities (adopted by 22% of farm households
affected by food shortages). Other coping strategies adopted in FS4 include using most
of the household savings (18%) and reducing the quality of the diet (16%). Nevertheless,
spending most of the household savings is more common among food insecure farm
households in FS16 (coconut). FS6 (mixed livestock) rarely adopts any of the strategies,
except for spending savings (15% of food insecure farm households). FS13 (sheep and
mixed crops) usually resorts to mutual aid with other families to cope with food shortages.
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Figure 6. Strategies adopted by small farmers to alleviate food shortages, based on Agricultural
Census 2009–2010 data: (a) reduce time dedicated to agricultural activities to devote it to other
income-generating activities; (b) use of most of the household savings; (c) increase mutual aid with
other families; (d) reduce the quality of the diet; (e) sale of large animals; and, (f) increase family
labor across farming system (95% confidence interval plots). This information refers only to farm
households that reported food shortages (N = 11,936), differing from the one in Abbas (2022) [17].

Livestock sale is not a very common strategy among farm households, being predomi-
nant in FS7 (bovine and maize). Food insecure farm households in FS1 (tobacco), on the
other hand, rely mostly on increasing the use of family labor (strategy adopted by 27%).

4. Discussion
4.1. A Farming System Approach to Explore the Drivers of Food Insecurity

In many developing countries, food insecurity is often seen as a result of inadequate
policies [6,7], which have failed to address the major problems faced by most of the popula-
tion. Persistent poverty has been considered as one of the major causes of food insecurity
in many developing countries. Nevertheless, it is important to consider the heterogeneity
of the population, in particular among farmers, as they may be affected and could respond
differently to the same problem [13,15,16]. A farming system approach has been recognized
to provide a relatively simple and practical approach to evaluate agricultural changes and
to explore a multitude of issues such as poverty, food security, climate change impacts,
among others [3,8,17,23,27], providing useful and powerful insights into strategic priorities
for policy intervention, aiming to improve farm households’ food security both in the short-
and long-term [3,17,47].

Abbas et al. (2023) [8] found a clear association between farming systems and food
security levels in Mozambique, which led us to explore, in this paper, the drivers of food
insecurity among farm households across farming systems, as well as its relationship with
the perceived causes of food shortages by farm households and the corresponding coping
strategies adopted.

The results of our analysis showed that highly specialized farming systems are among
the most food insecure, while less specialized farming systems are considered more food
secure. Many studies found that concentrating production in a few crops and/or livestock
may increase vulnerability to production, price, and climatic shocks, with negative effects
on food security [48–50]. Whereas farmers, engaged in more diversified systems (e.g.,
horticultural and/or cash crops, also including food crops and livestock) to meet the
household food security needs [51,52], are more resilient to zonal climatic and social
perturbations, positively influencing food security [8,49,50]. In addition to the fact that
livestock is considered a safety net for many poor farm households, livestock can also



Agronomy 2024, 14, 2608 18 of 31

provide access to animal traction and organic fertilizers, contributing to higher crop yields;
therefore, the absence of livestock may be seen as contributing to food insecurity [15,50].

Nevertheless, it is important to note that specialization alone does not explain food
insecurity. We found that market integration, the use of yield-raising and labor-saving
inputs are also important factors explaining food insecurity across farming systems—as also
verified in Abbas (2022) [17]. Based on the results, farming systems, although moderately
specialized, that are to some extent integrated in the market and use either yield-raising or
labor-saving inputs, are likely to be food secure. Whereas highly or moderately specialized
farming systems that are not integrated in the market, with very low use of yield-raising
and labor-saving inputs and with absence of livestock, are most likely food insecure.

For instance, in Mozambique, most of the tobacco and cotton production (represented
by FS1(tobacco and maize) and FS2 (cotton)—both considered as food secure farming
systems)—is done by small farmers in a subcontracting system [53,54], in which large con-
cessionaire companies buy most of the production directly from the farmers at a fixed price
established by the competent institutions [17]. These companies are usually responsible for
the supply of yield-raising inputs, credit, and extension services, as well as for transporting,
storage, basic processing, and selling [17,53]. The value chain guarantees the supply of
inputs and the subsequent purchase of the product, meaning that farm households produc-
ing these crops, located close to the areas in which these companies operate, are likely to be
integrated in the market with access to agricultural services, which influences positively
farmers’ income and food security [17].

Additionally, access to roads and proximity to urban areas also facilitate access to
markets and off-farm opportunities contributing to increase farmers’ income [17,23] while
positively driving adoption of more diverse systems [51], contributing positively to food
security. Take the case of FS6 (mixed livestock and maize) and FS7 (bovine, maize, and
other food crops), both moderately specialized towards livestock (but including food
and horticultural crops), with similar market integration levels and labor-saving input
intensity (Figure 3b,d). These systems differ mainly regarding their location and the
available infrastructure and opportunities. FS6 (mixed livestock), considered food secure, is
predominant in the Maputo province (zone 6 in Figure 2)—with good access to developed
road networks, formal and informal markets, and off-farm opportunities [17,55,56]; while
FS7 (bovine and maize), which is considered food insecure, is located in semi-arid areas
mainly in the inland South region (zone 7 in Figure 2), a remote area with less developed
roads and markets. During the rainy season, for instance, access to markets in this area is
precarious [55], which impacts farm households’ livelihoods and food security.

Climate has also been considered an important driver of farming system choice and
food insecurity, as agriculture in many developing countries, such as Mozambique, is
dependent on rainfall and is extremely vulnerable to variability and changes in rainfall
patterns [3,8]. In Sub-Saharan Africa food insecurity has often been associated, among other
factors, with droughts [3]. In this study, the lack or irregularity of rain and occurrence of
droughts has been perceived by most farm households as the main causes of food shortages.
Farming systems prevalent in semi-arid areas, where most livestock-oriented farming
systems predominate (e.g., FS7—bovine and maize), and the lack or irregularity of rain and
droughts were perceived as the main causes of food shortages by most farm households.
According to Dixon et al. (2001) [3], droughts are the main source of vulnerability in
agropastoral farming systems in Sub-Saharan Africa, due to crop failure, weak animals,
and distress of sale of assets. Farming systems prevalent in humid areas are also vulnerable
to lack of rain and droughts, as they are mostly situated in a rainfed system. Therefore, it is
expected that any changes or variability in rainfall patterns will likely affect agricultural
production and yields [57,58].

Additionally, these food insecure rainfall-dependent farming systems are also predom-
inant in areas with high population density, around 75 inhabitants/km2—well above the
country average of 31 inhabitants/km2 and the average for the most populated province
(Zambézia) of 60 inhabitants/km2 [59]—putting pressure on available resources, with
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particular emphasis on the Northern and Central regions, which are also the major food
production areas [17]. A demographic trap tends to occur in the most fertile/humid areas
which promote population growth through immigration or higher natality rates, until
the population density reaches levels when there is not enough land for people, which
impacts food security and puts even more pressure on natural resources (this is verified, for
instance, in Namuli, Gurué District [60]). Studies have shown that areas with the highest
shares of food production, being also densely populated, are also the ones most vulnerable
to food insecurity [3,23,61]. This can be related to the difficult access to markets, lack of
off-farm work, low monetary incomes [17,61], and competition for land. As confirmed by
the results of this study, farming systems with access to developed infrastructures (e.g.,
roads, markets, irrigation systems—such is the case of FS15—horticultural and mixed live-
stock and permanent crops and FS6—mixed livestock and maize), although predominant
in extremely densely populated areas (between 100 and 230 inhabitants/km2), are food
secure. The opposite is verifiable for farming systems located in heavily dense populated
areas, moderately or highly specialized with no access to (inputs and output) markets
(which, for instance, is the case of FS10—rice and mixed permanent crops and livestock).

The results confirm that farm size is another important driver of food insecurity, as
farming systems with smaller farms (less than 1.5 hectares) are the most food insecure.
This is also true in most African countries, where most of the under-nourished people
are associated with farming systems where farm sizes are small [9]. However, our results
highlighted that farming systems with small farmland that have access to yield-raising
(e.g., irrigation, manure, and others) and labor-saving inputs (e.g., animal traction) are
more likely to be food secure. This brings attention to the fact that limited access to land
does not always lead to food insecurity if other relevant means of production are available
and accessible by farm households. Nevertheless, the size of the farm (i.e., small farmland)
was perceived by food insecure farm households as a cause of food shortages. Limited
access to land is a significant constraint in humid and highly populated areas, which can
negatively affect food security. Despite this, the results showed no clear relation between
small farmland (as a cause of food shortages) and population density, which can be related
with the fact that population density in this study was computed at the administrative post
level (a geographic territory, which includes different types of farm households and farming
systems), while farm size, for instance, was assessed at the farm-level, and therefore gives a
better understanding of the land constraints.

Overall, the factors analyzed (level of specialization, market integration, use of yield-
raising and labor-saving inputs, farm size, etc.) are important drivers explaining food
insecurity among farm households across farming systems. The analysis also showed that
farm households’ perceptions regarding the causes of food shortages are related with the
drivers of food insecurity.

The farming system approach was revealed to be a suitable procedure for exploring
the drivers of food insecurity, as it allowed identification of the specific factors that may
contribute to food security, as well as identification of other potential drivers that were not
explicitly studied in this paper, such as access to roads (infrastructures) and to off-farm
activities/income. This approach enables a contextualized understanding of food insecurity
that considers the socioeconomic context and is based on farm household choices and
perceptions, providing insights to policymakers as to which instruments can be managed
in the short-term to improve food security among farm households in each farming system.

4.2. Exploring Coping Strategies Adopted by Farm Households Across Farming Systems

Exploring the coping strategies adopted by farm households to face food shortages
allows the options and the actual choices made by them to be understood, which gives
insights on how they behave when faced with food shortages. The results highlighted a clear
relation between farming systems and the coping strategies adopted by farm households.

Food insecure farm households in highly specialized farming systems (e.g., FS11—
small livestock and mixed crops, FS8—roots and mixed permanent crops, FS4—food crops,



Agronomy 2024, 14, 2608 20 of 31

FS12—swine and mixed crops, FS5—basic food crops, FS16—mixed livestock, coconut,
and cassava) usually tend to reduce the time dedicated to agricultural activity to devote
it to other income-generating activities (on average, 21% of farm households in these FSs
adopted this strategy). These farming systems are characterized by smaller farms (on avg.
1 ha) and are not integrated in the market, concentrating most of the rural poor population.
A study in Central Tanzania also found that poor households usually sell their own labor
and perform several farm and non-farm activities, regardless of the season, to cope with
food insecurity [18]. Many studies have found the same set of coping strategies being
adopted by farmers in developing countries [3,23,62–64]. A study developed in Zambézia
province, in Mozambique, also confirmed that engaging in on and/or off-farm seasonal
work (also referred as ganho-ganho—which can also include working for food) is a common
strategy adopted by small farmers to face food shortages, being adopted mostly by farmers
in less diversified farming systems [65].

In this study, we found that farm households, integrated in the farming system
predominant in proximity with urban and peri-urban areas (i.e., FS6—mixed livestock and
maize), usually do not adopt any strategy when faced with food shortages, with only 15%
of food insecure farm households spending most of the savings to face food shortages.
This system is moderately specialized (with food and horticultural crops and a diversity
of livestock); it is also one of the FSs with high use of labor-saving inputs (tractors and
bovine traction) and has large farms (on avg., 2.3 ha). It is one of the systems with the
largest number of household members (7) and is predominant in areas close to urban or
peri-urban settings; therefore, household members are expected to be already engaged in
off-farm activities.

On the other hand, moderately specialized farming systems, that are only slightly
integrated in the market, usually use most of their savings to face food shortages; while
market-oriented farming systems, which are expected to have better savings, tend to
resort less to this strategy. Farms in these less market-integrated farming systems are
usually managed by women (30–50%), which might give them more ownership over the
money; while the market-oriented farming systems include farm households and farms
both headed and managed mostly by men (around 80–90%). It is also important to consider
that farm households, practicing farming systems that are more integrated into the market,
are expected to be more endowed than the ones in less market-oriented systems. Earnings
in these systems might be invested back in the farm. Commercial orientation in farming
creates motivation and resources to invest and increase productivity for most farming
systems dependent on farm-income [13,16]. Farm households in these market-oriented
systems tend both to reduce the quality of their diet, i.e., reduce the consumption of meat,
fish, and vegetables (which is the case for 17% of food insecure farm households in FS15—
horticultural and mixed livestock as well as permanent crops and FS3—sesame and maize),
or to increase family labor (adopted by almost 30% of food insecure farm households
in FS1—tobacco and maize); these are considered less severe coping strategies [12]. It
is important to note that farm households in these systems tend to be more endowed,
therefore, they have a larger set of available options to cope with food shortages. Less
endowed farm households might be already living in a situation of stress, in which less
diversified diets are adopted and most family labor is already employed on the farms;
therefore, they rely on their savings to cope with food shortages.

The sale of large livestock (e.g., cattle, goats, and pigs) as a strategy to face food short-
age is not very common among farm households, being prevalent in livestock-oriented
farming systems predominant in arid areas (adopted by 27% of food insecure farm house-
holds in FS7—bovine and maize). Other coping strategies adopted by farm households
in FS7 are the increase of off-farm activities, use of savings, and reducing the quality of
the diet. Other studies also found similar coping mechanisms in agropastoral systems in
other African countries [3]. In many African countries, livestock has a cultural and social
role in the communities, representing wealth and a safety net or buffer against extreme
shocks [15]; however, households may avoid selling large livestock to face food shortage in
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the short run. Rather than immediately selling livestock to overcome food shortages, farm
households first try to employ other means of generating income or finding food, such
as seeking for food loans or off-farm and/or casual labor [18,23]. In this study, we found
that not all livestock-oriented farming systems sell large livestock to face food shortages.
Livestock-oriented farming systems managed mostly by men (on avg. 70%) usually resort
more to selling livestock as a coping strategy, whereas farming systems, including large
livestock, whereas in the farms that are managed by women predominately (c.a. 50% are
managed by women), this strategy is rarely adopted. Gender inequality is an important
factor to consider in many African countries; even though women are responsible for most
agricultural activities and food consumed by the household members, they have limited
ownership, control, and access to assets that can be exchanged for food, i.e., livestock,
which also makes female-headed households more likely to be food insecure [23].

4.3. Contributing to Policy Design in Targeting Food Insecure Farm Households in
Developing Countries

Food insecurity is largely considered a rural phenomenon, affecting mostly farm
households in developing countries [3]. Farm households in less diversified and endowed
farming systems are the most vulnerable to food insecurity, as shown by the results in this
study. The same is also observed in other developing countries [3]. Biophysical drivers,
such as climate (e.g., rainfall), have a great influence on farming system choice [8], being
also an important source of vulnerability for most farming systems [57,58,66], leading to
crop failure and food shortages, as perceived by most farm households, both in semi-arid
and humid regions.

Nevertheless, farm households’ vulnerability to food insecurity goes beyond climate
shocks, being also influenced by socioeconomic drivers, which frame the options available
to farmers and reveal the important role of public policies in reducing farm households’
vulnerability to food insecurity in developing countries [17]. For instance, humid areas,
which are the most fertile and productive areas, concentrate most food insecure farming
systems, mostly related with the fact that these are also highly populated areas, which
puts pressure on access to resources (e.g., land). Most systems in these areas are highly
or moderately specialized (focused mainly on staple food crops) with limited access to
markets and yield-raising and labor-saving inputs, as well as limited access to financial
resources, i.e., farm and/or off-farm income and credit, being considered more vulnerable
to food insecurity and external shocks (e.g., climatic, prices). Market integration and access
to yield-raising and labor-saving inputs have been shown to have a positive effect on food
security and can be managed through public policies [3,13,23,67].

The coping strategies adopted by farm households are directly related to the type
of farming system in which they are inserted. Most farming systems specialized in food
crops reduce the time in agriculture and the quality of their diet to cope with food short-
ages. This highlights the need to support diversification within the farming system and
to create opportunities that allow the diversity of income sources (promotion of off-farm
activities) [68]. Farming system and livelihood diversity will allow farm households to
diversify income sources and engage in yield-raising and labor-saving techniques which
would lead to improvements in crop yields. This can stimulate labor productivity and
farm income if appropriate infrastructure is available, e.g., roads, storage, and conserva-
tion facilities, allowing the integration of farmers in the market, contributing to reduce
farmers vulnerability to both food insecurity and external shocks (such as climate or price
rises) [17,68,69]. In addition to creating a safety net for farmers, the promotion of off-farm
opportunities will allow the population to disperse to other areas, reducing pressure on
resources (e.g., land). Nevertheless, it is important that the basic public services are created
(such as, education, health facilities and services, infrastructures–roads, etc.) [68,70].

The study findings also reinforce the need to integrate livestock, as these have a
positive effect on the adoption of labor-saving inputs, which then contributes to increase
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yields and also constitutes a safety net in periods of shortages [23,68]. Nevertheless, public
policies should also enhance gender access and control over land and livestock assets [23].

Overall, it is important to promote better access to markets, yield-raising and labor-
saving inputs, and infrastructures (that support the development of agriculture and other
activities), as well as to give stimuli to farm diversification to reduce farm households’ risks.
The greater the incentives for diversification as well as food value-chain development, the
greater is the farm households’ capacity to reduce food insecurity. Public policies have a
leading and crucial role in making this happen. If adequate policies are implemented, even
in the event of external shocks (e.g., climatic), farm households would be able to cope with
food shortages and food insecurity.

5. Conclusions

The farming system approach enabled appreciation of the logic behind farm house-
holds’ adopted strategies; that is, it introduced another layer of comprehension that would
not be possible by analyzing only the general means and standard deviation of the vari-
ables. This gives a better understanding of the choices available to farm households in
each farming system. A grounded knowledge of food security in the local/regional context
(i.e., considering the diversity of farming systems) contributes to better understanding
on how people manage their food livelihoods, exercise food choices, and expose some of
the socio-economic drivers underlying food insecurity, which can then be leveraged by
policymakers seeking to improve food security in the short- and medium-term.

Vulnerability to food insecurity, either perceived by farm households or based on
the analysis of the drivers, is related to both descriptors—market integration and use of
yield-raising and labor-saving inputs—and drivers—climate (rainfall), population density
and farm size, of farming system choice. Although most farming systems are predominant
in regions that, in theory, would promote more food security—due to its agricultural
potential—the high population density and limited access to land and other resources tend
to exacerbate situations of food insecurity. This is aggravated by the fact that these are
specialized staple food systems, with limited access to markets and infrastructures, which
limits the set of coping strategies that can be adopted by each farmer in each farming system.

In this sense, this approach allows policy makers to tailor policy design to specific
farming systems, as no one-policy intervention fits all farm households. Our results support
the idea that designing more effective policy requires understanding the heterogeneity of
farm households, their farming systems, as well as the factors affecting food insecurity
patterns and the corresponding coping strategies.

The use of an agricultural census database to access food insecurity data—which was
also used to derive the farming system typology—provides a simpler and easily attainable
tool to access farm-level data that can be used by governments, policymakers, research
institutions, and other actors for policy analysis or to explore and understand a range of
issues affecting farm households in developing countries, contributing to improving food
security among the most vulnerable.

Finally, some limitations were identified related with the fact that other important
factors affecting food insecurity, such as access to off-farm income as well as roads and
other relevant infrastructure, were not explicitly analyzed, which was mostly due to lack of
data in the census data we used in this paper. In future analysis we will combine census
data with other sources including primary data collection to expand our analysis to these
other possible drivers. Our approach to explore the drivers of food insecurity is framed in
a farming system approach, in particular, in making cross-section comparisons between
farming systems. Therefore, it misses other aspects of food insecurity related with histori-
cal processes like the growing rural population without many livelihood alternatives to
farming. These aspects would require a different approach and different data (time series).
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Appendix A

Table A1. Summary of the variables considered for the classification of farms by FS (N = 27,805) [8].

Variables Description (Crops/Livestock)

Land use/cover

Annual Crops (proportion
of total arable area)

Maize

Rice

Sorghum+ (includes Millet)

Cassava

Sweet Potato

Cowpea

Beans

Groundnut

Sesame

Cotton

Tobacco

Hort1 (Pumpkin, Watermelon and Okra)

Hort2 (Tomato, Kale, Onion, Potato, Lettuce, and Cabbage)

Hort3 (Cucumber, Yam, Green beans, Garlic, Carrot, Pepper, and Eggplant)

Other annual crops (e.g., peas, sunflower, soy, sugarcane, wheat, ginger)

Permanent Crops (PERM)
(proportion of total fruit
tree stems)

Mango

Cashew

Coconut

Citrus (Orange, Lemon, Tangerine, and Grapefruit)

Other Fruits (Papaya, Maçanica, Mafurra, Guava, Avocado, Jambalão, Peach,
Litchi, and Apple)

Proportion of equivalent arable area with permanent crops
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Table A1. Cont.

Variables Description (Crops/Livestock)

Livestock
Variables

Livestock (proportion in
total standard livestock
units)

Bovine

Goats

Swine

Small Livestock (Chickens, Ducks, Bush chicken, Turkeys, Rabbits, and Geese)

Sheep

Livestock density (number of standard livestock units per hectare of arable area)

Output
Diversification

Gross Product (proportion
of total output, i.e., Total
Gross Product—TGP (a))

Annual Basic Food Crops (STAPLES)

Horticultural Crops (HORT)

Cash Crops (CASH)

Cashew

Coconut

Livestock

Economic Intensity [output (MZN) per hectare of arable area]

Yield-raising input
intensity
(proportion of
arable area)

Irrigation

Pesticide

Fertilizer

Manure

Labor and
labor-saving
inputs

Labor productivity—output (MZN) per labor unit (b)

Labor intensity—labor units per hectare of arable area

Bovine traction use: 1—yes; 0—otherwise

Tractors use indicator: 1—yes; 0—otherwise

Note: (a) TGP refers to the total output of the farm, including crops (annual and permanent) and livestock.
(b) Labor units correspond to the sum of all units of labor employed in agriculture and livestock activity, including
the following: (i) family labor (weighted in 100% for those who had agricultural as their main activity, and 25% as
their secondary activity); (ii) full-time workers (assumed to dedicate 100% of their time to agricultural activity);
and (iii) temporary workers (assumed to spend 10% of their time). Source: Abbas (2022) [17] and Abbas et al.
(2023) [8].



Agronomy 2024, 14, 2608 25 of 31

Table A2. Aggrupation of farming systems by zones (% of the Total Agricultural Area—TAA) [8].

ZONES FS1 FS2 FS3 FS4 FS5 FS6 FS7 FS8 FS9 FS10 FS11 FS12 FS13 FS14 FS15 FS16

1 0.024 0.005 0.040 0.020 0.402 0.020 0.012 0.017 0.043 0.028 0.183 0.084 0.011 0.088 0.012 0.011
2 0.000 0.015 0.044 0.014 0.183 0.007 0.021 0.005 0.175 0.024 0.158 0.082 0.026 0.229 0.002 0.015
3 0.644 0.003 0.023 0.008 0.071 0.019 0.040 0.000 0.000 0.000 0.043 0.064 0.005 0.058 0.022 0.000
4 0.005 0.096 0.174 0.057 0.166 0.017 0.011 0.007 0.027 0.024 0.157 0.095 0.009 0.152 0.002 0.002
5 0.017 0.039 0.043 0.099 0.112 0.024 0.237 0.006 0.016 0.018 0.105 0.069 0.004 0.177 0.010 0.025
6 0.000 0.001 0.013 0.019 0.181 0.301 0.071 0.061 0.042 0.000 0.090 0.039 0.003 0.085 0.068 0.026
7 0.006 0.009 0.011 0.030 0.070 0.076 0.535 0.003 0.046 0.000 0.072 0.020 0.017 0.080 0.017 0.008
8 0.011 0.000 0.037 0.013 0.269 0.025 0.001 0.063 0.028 0.272 0.135 0.020 0.005 0.028 0.004 0.089
9 0.000 0.007 0.001 0.003 0.047 0.004 0.028 0.008 0.011 0.003 0.088 0.122 0.003 0.035 0.008 0.632

Source: Abbas et al. (2023) [8].

Table A3. Computation of the drivers of food insecurity.

Variable Description Formula Var. Code Name of the Variable to Extract Source of Data

Specialization MAX (WGPg) WGPg Weight of crop group or livestock type g in Total Gross Product

2009–2010 Agricultural
Census

Market
Integration

Proportion of sales
in total output (%) (TSale/TGP)*100

TSale

Total farm sales (MZN):
TSale = CropSale + LivSale

CropSale—total farm crop sales

LivSale—total livestock sales

TGP

Total Gross Product (MZN):
TGP = GPC + GPLiv

GPC—Total Crop GP

GPLiv—Total Livestock GP

Yield-raising input
intensity AVERAGE (WYInputi) WYInputi

Proportion of arable area using yield-raising input i (i = pesticides,
fertilizers, manure, and irrigation)

Labor-saving
input intensity

AVERAGE
(LBSavInputj)

LBSavInputj Use of labor-saving inputs j (j = animal traction, plows, tractors, etc.)

Rainfall Average annual
rainfall (mm) Σ pr (i) pr (i) Rainfall of month i (i = 1, . . ., 12) (mm) WorldClim (average period

1970–2000)

Farm size Farm size (ha) FArea FArea Farm area (all parcels) (ha) 2009–2010 Agricultural
Census
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Table A3. Cont.

Variable Description Formula Var. Code Name of the Variable to Extract Source of Data

Population
Density

Population density
(inhabitants/km2) POP/APA

POP Population by administrative post (inhabitants)
National Statistical Institute

APA Administrative post area (km2)

Table A4. Descriptives statistics of the variables considered in the analysis.

Variable Description Mean SD

Food Shortage The farm household experienced food shortages (1—yes, 0—no) 0.43 0.49

Drivers

Specialization Maximum contribution of a specific crop or livestock group for the total output (%) 0.79 0.22

Market Integration Proportion of sales in total output (%) 0.09 0.19

Yield-raising inputs Proportion of the farmland that uses yield-raising inputs (%) 0.02 0.09

Labor-saving inputs Proportion of labor-saving inputs used, considering the set of available labor-saving inputs (%) 0.07 0.14

Population density Population density (inhabitants/km2) 91 246

Rainfall Average annual rainfall (mm) 995 231

Farm size Farm size (ha) 1.2 1.4

Perceived causes of food shortages (1–yes, 0–no)

Cause_LackRain Lack or irregularity of rain 0.27 0.44

Cause_Droughts Droughts 0.09 0.29

Cause_Pests Pests 0.05 0.22

Cause_SmallFarmland Small farmland 0.05 0.22

Strategies to alleviate food shortages (1–yes, 0–no)

Strat_ReducedAgricActiv Reduce the time spent practicing agricultural activities to dedicate it to other activities 0.08 0.27

Strat_Savings Use most of the household savings 0.07 0.25

Strat_MutualAid Increase the practice of mutual aid with other families 0.06 0.23

Strat_DietQuality Significantly reduce the quality of the diet 0.06 0.23

Strat_LivestockSale Sale of large animals such as cattle, goats and pigs 0.02 0.14

Strat_FamilyLabor Increase family labor in the farm 0.04 0.19
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