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Abstract

Background Food insecurity is one of the most pressing problems confronting households in sub-Saharan Africa
(SSA). Itis particularly acute in low income areas across the continent. Despite Rwanda's economic progress, food
insecurity persists especially in rural areas, necessitating empirical evidence to inform targeted interventions

that address the complex interplay of socio-economic, environmental and policy factors affecting household food
insecurity. Factors affecting food insecurity vary, and obtaining context-specific information is necessary for design-
ing relevant interventions. This empirical study analyzes factors affecting the probability of experiencing severe food
insecurity in Eastern Rwanda and discusses how land restoration strategies like agroforestry may contribute to it.
Panel data collected in 2018 and 2022 from 1100 randomly selected households are analyzed using both descriptive
statistics and a correlated random effects probit model.

Results The findings show a generally high level of food insecurity, with sample households having average food
insecurity experience scale scores of 6.02 in 2018 and 5.73 in 2022. Moreover, 63% and 60% of the households
experienced severe food insecurity in the two periods, respectively. The empirical results show that farming practices
and household socio-economic characteristics played a more significant role in food insecurity status. Households
that cultivated different crops had a lower probability of experiencing severe food insecurity and larger households
were more likely to experience severe food insecurity. However, agroforestry-related variables were not statistically
significant in reducing the probability of severe food insecurity experience in the study area.

Conclusion The study concludes that food insecurity in the study area is high. To address the prevailing situation,
efforts to reduce food insecurity should focus on solutions that could increase food production in the short term,
such as improving household socio-economic status, diversifying crop production and market-focused production.
However, these need to be aligned with local needs and ecological conditions. Agroforestry interventions should
focus on integrating suitable tree species into farming systems, and future studies should account for the time dimen-
sion to accurately capture long-term effects of such interventions. Moreover, experimental studies to enable rigorous
impact analysis of agroforestry interventions are recommended.
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Introduction

Food security is multidimensional consisting of differ-
ent aspects including food availability, food accessibil-
ity, food utilization, and food stability [1-3]. According
to the Food and Agriculture Organization (FAO), food
security is achieved when all people have physical, social,
and economic access to sufficient, safe, and nutritious
food that meets their dietary needs and food preferences
for a healthy life [3]. A disruption in any of the dimen-
sions may result in food insecurity [2]. Sustainable Devel-
opment Goal number 2 (SDG 2) aims to end hunger in
all its forms by 2030. However, reports show that this
might not be achieved, particularly in sub-Saharan Africa
(SSA), where at least one person out of five faced hun-
ger in 2023, and more than 120 million people in Eastern
Africa were severely food insecure in the same year [4].

At least 60% of households in SSA are smallholder
farmers who own less than one hectare of land but pro-
duce most of the region’s food [5-10]. However, these
farmers are highly susceptible to food insecurity, mainly
due to the subsistent nature of production and high levels
of poverty [4, 11]. Food production is hampered by chal-
lenges such as land degradation, climate-related shocks
and high post-harvest losses [5, 7, 11-14]. It is estimated
that Africa’s population will reach 2.5 billion people by
2050, significantly increasing food demand and requir-
ing improvement in agricultural production [15, 16]. In
Rwanda, food insecurity remains a challenge especially
in rural areas. The country’s population is expected to
increase by 82% by 2050 [17], raising concerns about
future food insecurity, especially for rural households [1,
14, 18, 19]. Farmers must therefore aim to strategically
and optimally produce sufficient food on the available
arable land [20, 21].

One strategy that has been championed to improve
food security across SSA is agroforestry, the deliberate
integration of multipurpose trees into farming systems
[5, 16, 22-24]. Agroforestry has primarily been pro-
moted for its soil enhancing properties and potential to
improve people’s livelihoods [16, 23, 25-27]. Agrofor-
estry can increase household income generating streams,
improve crop productivity; complement diets with fruits,
seeds and nuts, and enhance climate change adaptation
[13, 26-30]. By diversifying agricultural systems and
enhancing ecosystem services, agroforestry contributes
to the realization of SDG 2.4 which focuses on ensuring
sustainable food systems [26]. The empirical evidence
of the impact of agroforestry practices on household
socio-economic outcomes including income and food
security, however, remains scarce [14, 26, 31-35]. Previ-
ous studies vary with regard to the relationship between
agroforestry and food security. In a study in India, Singh,
Choudhary [36] found that increases in tree density and
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species diversity were associated with an improved food
consumption score (FCS), because households consumed
fruits from agroforestry trees, and earnings from tree
products increased household income available to pur-
chase other food items. In Malawi, Coulibaly, Chiputwa
[27] showed that the adoption of fertilizer trees led to a
significant improvement in maize productivity, resulting
in higher food security for adopters. Ndoli, Mukuralinda
[14] observed that food security was higher among high
agroforestry practitioners in Rwanda, attributing this to a
higher income from crops but with some limited contri-
bution of tree income. However, a higher tree density did
not always lead to higher tree incomes because tree prod-
ucts, such as firewood, fodder and fruits were mainly
for household consumption, in which case, they did not
contribute much to improving household income. In
addition, food insecure farmers often sold tree prod-
ucts as a coping strategy to meet their basic needs [14].
In Southern Rwanda, Ngango, Musabanganji [16], found
that agroforestry-adopting households had significantly
higher FCS than non-adopters. In yet another study
in Rwanda, Danso-Abbeam, Baiyegunhi [37] analyzed
the determinants of food security in the Northern and
Southern provinces using FCS and the Food Insecurity
Experience Scale (FIES). The study focused on farming
households, but did not analyze any agroforestry-related
factor. Apart from Bolarinwa, Ogundari [1] who used a
high-frequency panel data set, most of these studies used
cross-sectional data and failed to account for the time
dimension in analysis. However, Bolarinwa, Ogundari [1]
did not analyze any agroforestry-related variables. These
studies show that the determinants of food insecurity
vary, and the effects of agroforestry are context-specific
and depend on how agroforestry is measured. Therefore
investigating the factors affecting food security at local
levels would provide more practical and nuanced infor-
mation for decision-making [16, 26].

The main objective of this study is to examine the deter-
minants of severe food insecurity among smallholder
farmers using FIES as the measure of food insecurity. A
two-period panel dataset drawn from 1,100 households
from the Eastern Province of Rwanda is utilized in the
study. The study specifically aims to (i) assess changes
in food security status over time; (ii) analyze the effects
of agroforestry practice on the probability of experienc-
ing severe food insecurity; and (iii) evaluate the role of
individual and household demographic, socio-economic
and farming characteristics in shaping food insecurity
outcomes. By identifying key factors associated with the
likelihood of experiencing food insecurity and highlight-
ing how land restoration strategies like agroforestry con-
tribute to it, this study provides insights that may inform
future interventions and policy measures to improve
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Fig. 1 Map the study sites (Source: World Agroforestry Geo-Science Laboratory (2022))

food security in the study area [9]. Besides, the study pro-
vides information on the access and stability of food in
the study area and contributes to the growing empirical
literature on food insecurity in SSA, using panel data to
capture household’s dynamic food security status in the
study area.

Methods

Description of the study area

Rwanda is a relatively small but densely populated coun-
try in Eastern Africa [17]. Due to its geographical loca-
tion and relief, it receives relatively high rainfall of over
1000 mm/annum [38], which supports most food pro-
duction. Although Rwanda has made some significant
economic gains in the recent past, food insecurity per-
sists [37, 39]. Up to 50% of the population experiences
food-related challenges and food insecurity is very acute
during the lean months (March to May and September to
November) [1, 18, 37].

This study is conducted in four out of seven districts in
the Eastern Province of Rwanda, namely Bugesera, Gat-
sibo, Kayonza and Nyagatare (Fig. 1). The Eastern Prov-
ince, is dominated by shrubland and wooded savannah

and faces high deforestation rates and frequent dry spells
which significantly affect food production [39, 40]. About
72% of households in the Eastern Province are small-
holder farming households [17]. Since their farm sizes
are small, crop production is minimal, forcing them to
cultivate throughout the year [10, 14, 41]. Consequently,
soil nutrients are depleted and land regeneration does
not occur, leading to a repeated cycle of low food pro-
duction [11, 14]. To improve food production, several
initiatives promoting agroforestry and better agricultural
practices have been implemented at the national level
[14, 35, 42] and specifically in the Eastern Province [43].
These districts were purposively selected because they
had been targeted by a land restoration intervention pro-
gram, Regreening Africa (RA)," which was implemented
from 2018 to 2023, by World Vision Rwanda in areas that
had experienced high levels of land degradation [44].

! The program was implemented in Ethiopia, Ghana, Kenya, Mali, Niger,
Rwanda, Senegal, and Somalia by five international development organiza-
tions including: World Vision International, Catholic Relief Services, CARE
International, Oxfam International and SAHEL-Eco. Information on the
program can be found on the website: https://regreeningafrica.org/
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The main agroforestry interventions were tree plant-
ing, tree care and management, and grafting. Prevalent
tree species found in smallholders’ farms include timber
trees like Eucalyptus spp., Grevillea robusta, multipur-
pose trees like Calliandra calothyrsus, Senna spectabi-
lis, Markhamia lutea, and fruit trees such as Mangifera
indica (mango), Persea americana (avocado) and Cypho-
mandra betacea (tree tomato). The program focused on
implementing agroforestry practices to restore degraded
landscapes, motivated by evidence and existing literature
such as [10, 14, 24, 27, 29, 45, 46] that highlight the role of
agroforestry as a landscape restoration intervention and
its potential to contribute to household income and food
security among other ecological and livelihood benefits.
One of our study objectives, therefore, is to investigate
whether the practice of agroforestry within this context
has any measurable effect on food security.

Sampling and data collection
Data for this study were obtained from two surveys con-
ducted by World Agroforestry (ICRAF) in the RA pro-
gram sites in June 2018 and February 2022. Both surveys
were conducted through face-to-face interviews using
semi-structured questionnaires. A team of trained enu-
merators interviewed respondents and entered data
into the SurveyCTO® data collection tool on tablets and
smartphones. Interviews were mainly done with either
heads of households or their spouses. Before data collec-
tion, the survey tool was pretested and translated into the
local language to ensure clarity and cultural relevance.
The sampling strategy and data collection approach
were aligned to ICRAF’s impact evaluation strategy
for the RA project, ensuring that it was robust and rel-
evant for assessing the program’s outcomes [44]. From
each district, eight cells? were selected randomly. Within
each cell, four villages were selected randomly, except
for one cell, which had three villages. From the selected
villages in each cell, a random sample of 40 households
was selected, resulting in an initial sample size of 1280
households. Of these, 1268 households were success-
fully interviewed in 2018, and 1132 were retraced and
interviewed in 2022 [44]. The data collected included
household demographic and socio-economic data, mem-
bership and participation in social groups, land, livestock
and asset ownership, food consumption and food insecu-
rity experience data, farming and agroforestry practices,
tree-related information including tree species, tree man-
agement and decision-making, tree product use and sale.
Households with missing data required for this study

2 A cell is an administrative unit comprising several neighboring villages
and is the lowest administrative unit where citizens can access basic govern-
ment services.
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were excluded using the listwise deletion approach [47],
resulting in a final sample of 1,100 households, evaluated
across two survey years.

Food insecurity indicator

Several indicators have been developed to estimate food
insecurity using observed data [48, 49]. In this study, we
use the Food Insecurity Experience Scale (FIES), which
was developed by the Voices of the Hungry project [50].
FIES is the internationally accepted estimator of the
severity of food insecurity experience [49, 51]. FIES is
calculated from the standard Food Insecurity Experience
Scale Survey Module (FIES-SM) which consists of eight
binary response questions aimed at evaluating an indi-
vidual’s access to adequate food [50, 52, 53]. The ques-
tions are designed to capture different levels of severity
of food insecurity, ranging from worrying about running
out of food to going for entire days without eating. The
eight questions in the FIES-SM are:

Over the last 12 months,

+  Were you worried you would run out of food...?

o Were you unable to eat healthy and nutritious
foods...?

+ Did you only eat a few kinds of foods...?

+ Did you skip a meal...?

+ Did you eat less than you thought you should...?

+ Did your household run out of food...?

+  Were you hungry but did not eat...?

+ Did you not eat for a whole day...?

The wording of each question ends with ‘because you
did not have enough money or resources. This very spe-
cific phrasing emphasizes that the reported behavior or
experience is due to a lack of money or other resources,
and not voluntary behaviors such as fasting or dieting
[52]. Since the recall period is 12 months, FIES also cap-
tures the food stability dimension. To define our FIES-
related outcome variable, we follow the approach in
Tabe-Ojong, Fabinin [6] where we first sum up the FIES
raw scores (total scores range from 0 to 8), then generate
the outcome variable. This computation is based on the
classification of severity of food insecurity experience in
Cafiero, Viviani [52]. The outcome used in this study is
“food insecurity’, which compares households that expe-
rienced severe food insecurity (FIES raw scores of 7 or 8)
to those that did not (FIES raw scores below 7), capturing
the highest level of food insecurity at household level.

Variables used in the study

Food insecurity is influenced by several factors. In this
study, we consider various household socio-economic
factors, farming practices, and institutional factors, with
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a particular focus on estimating the effect of agrofor-
estry on household food insecurity. There are different
pathways through which agroforestry practice may affect
food security. First, agroforestry trees may directly pro-
vide food in the form of vegetables, fruits, nuts and seeds
[16, 26]. Second, farmers may sell tree products like fruit,
timber, fuelwood, herbs, poles and fodder, and use the
income to purchase food [10, 16]. Third, through ecosys-
tem services like soil fertility enhancement, agroforestry
improves crop production, resulting in better yields [16,
27]. In this study, the effect of agroforestry is estimated
using six variables: the number of trees on farms and five
dummy variables including: tree establishment in the
main cropping field, harvesting tree products from farms
and from communal land, selling tree products, and con-
suming fruit harvested from farm. The expectation is that
farmers with more trees on farms, and/or those who har-
vest tree products for use or sale from their own fields or
communal lands would be less likely to experience severe
food insecurity compared to those who have less trees or
have zero in the binary variables.

Other covariates analyzed are based on theory and
previous empirical studies such as [1, 16, 19, 20, 51, 54].
Land size and agricultural practices affect crop produc-
tion, consequently affecting food insecurity [8, 20, 55].
Households with larger farms were expected to produce
more food and be less food insecure [56]. The number of
crops grown by the household was also analyzed. Crop
diversification allows smallholders to mitigate production
and market risks hence we expect an inverse relationship
between production and food insecurity [7, 20, 55, 57,
58]. We also estimated the effect of two agricultural prac-
tices: the use of chemical fertilizers to improve crop pro-
ductivity and irrigation to mitigate periods of low rainfall.
These two practices were expected to boost crop produc-
tion, and consequently improve food security [5].

To estimate the effect of access to markets, the distance
from the homestead to the nearest [peri]-urban center
was also included to capture barriers faced by smallhold-
ers in accessing markets to buy food or sell crops [7, 57].
Household membership in community groups was ana-
lyzed because these groups allow farmers to participate
in collective efforts, share knowledge, for example on
good agricultural practices, support each other socially
and access resources they can use to improve production
[16, 37]. In the absence of income data, we use household
assets and household participation in off-farm activities
as alternatives. Off-farm activities include casual labor,
businesses, and employment, which enable households
to earn some income. Household wealth was meas-
ured using principal component analysis (PCA)-derived
indexes of farm assets, durable household assets and
livestock ownership. Following the approach taken by
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Hughes, Morgan [32], binary asset variables were cre-
ated for each household and assets negatively correlated
with others were excluded based on inter-item correla-
tions. After this tetrachoric correlation matrices were
computed for the remaining variables. Principal compo-
nent factor analysis was then performed on these matri-
ces, and the first principal component used to generate
the asset index for each household [32]. Separate indexes
were constructed for each category using relevant asset
variables. A higher household asset index suggests bet-
ter economic status and is likely to reduce probability of
food insecurity, while farm tools support better crop pro-
duction [55]. Livestock provides food items such as milk,
eggs and meat, but animals can also be sold for income
to meet diverse household needs [37]. Food insecurity
is also influenced by household demographic and socio-
economic characteristics. We therefore included the age,
gender and level of education of the household head and
household size in the analysis. A district indicator varia-
ble was included to account for district-level factors, and
a survey year dummy to capture time effects. A priori
expectations of these variables are shown in Appendix 1.

Empirical analysis

The relationship between food insecurity and the explan-
atory variables may be represented by the following
generic model:

Y=o+ piXy +ui+ i )

where Y} is a latent variable that determines the out-
come, f1 is a vector of coefficients to be estimated, Xj; is a
vector of independent variables, which includes agrofor-
estry-related variables, i; are the individual-specific error
terms and ¢&; is the random error term. The outcome
variable, Y; takes the value of 1 if the household experi-
ences severe food insecurity, and y;; = 0, otherwise, and

is represented as:

1ifY¥ >0
- ¢
Yy = { Ootherwise " 2)

A random effects (RE) probit model was applied to
estimate the relationship between severe food insecurity
experience and agroforestry-related factors, household
characteristics and farming practices. This model is suit-
able for panel data with binary dependent variables [59].
It also avoids the incidental parameters problem associ-
ated with fixed effects analysis in non-linear models [19,
60, 61]. However, the standard RE probit imposes the
restrictive strict exogeneity condition typically associ-
ated with RE models, which may be inappropriate due
to potential correlation between the error term and
explanatory variables. Therefore, following the approach
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adopted by Ngoma, Mulenga [62] and Tambo, Uzay-
isenga [19], we employ the correlated random effects
(CRE) probit model to relax this assumption and mitigate
potential confounding by unobserved heterogeneity. This
entails modeling the dependent variable as a function
of the means of all time-varying regressors included in
Xir in Eq. 1 [61, 63]. The time-varying variables include
household size, land size, engagement in off-farm activi-
ties, household membership to community groups, farm
input use and agroforestry-related variables. With this
inclusion, Eq. 1 then becomes Eq. 3, where X;  is a vector
of the means of time-varying variables:

Y=o+ BiXi X5 + ui + eir. (3)

The probability that a household experienced severe
food insecurity is expressed as:
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The household asset index comprises livestock, farm
tools and equipment, ownership of durable household
assets and housing conditions. The asset index ranged
from one to six, with an average of 1.71, suggesting
modest economic conditions for the households. We
analyzed three components of the asset index includ-
ing livestock, farm assets and durable assets, rather
than the overall index in order to understand the con-
tribution of each asset category. The average livestock
index was 0.35, indicating a low level of livestock own-
ership. The average farm asset index (farm equipment
and tools) was 0.52, while the household durable assets
index had a mean of 1.10 (Table 1). Approximately 38%
of households engaged in off-farm activities including
businesses, casual and agricultural labor and to a small
extent formal employment. Membership in community
groups was relatively high, with about 68% of house-

Pr(Yir = 11Xit, XX;) = Pr (¥;;0) = Pr(c + BXis ¥ ; + u; + i;0holds having members affiliated with such groups.

(4)
Assuming ¢;; is normally distributed, the probability
can be rewritten as Eq 5:

Pr(Yie = 11XX |) = ®(BXie +¥ ; + i), (5)

where ¢ is the cumulative distribution function of the
standard normal distribution.

The coefficients estimated by probit models typically
represent change in the latent variable, Y;;. Therefore, to
provide directly interpretable results, we further estimate
marginal effects which are interpreted as the effect of the
independent variable on the probability of the dependent
variable occurring, that is Pr(Y; = 11X ).

Results

Descriptive statistics

Table 1 shows descriptive statistics of the explanatory
variables.

The average age of the household head was 47 years,
while the average household size was approximately five
(4.75). Approximately 22% of households were female-
headed. The level of formal education among household
heads was relatively low with an average of about four
years. Approximately 30% of household heads had no for-
mal education, 60% had primary level education, and 10%
had post-primary level education. Most households were
subsistence producers, primarily producing crops and
rearing some livestock for household consumption, with
only 31% of households having sold crops in the previous
12 months. Households generally grew between two and
four different crops. Further analysis indicates that only
3% of households had irrigated their farms and almost
30% had used chemical fertilizers on their farms in the
previous 12 months (Table 1).

Household access to markets varied depending on the
cell in which the household was located with the aver-
age distance to the nearest [peri]-urban center being
6.8 km.

Most households practiced agroforestry and had vari-
ous tree species on their farms, from which they obtained
different products. The percentage of households that
established more than 10 trees on the main farm was
23%, and 52% of households harvested different tree
products. Harvesting of tree products from community
land was low, with only 25% of households reporting this.
Tree products were mainly harvested for household con-
sumption as only 10% of households sold the products.
The provision of food, specifically fruits is important in
agroforestry. At least 24% of households harvested fruit
from their farms, and 23% of households consumed the
fruit harvested from their farms (Table 1). Appendix 2
presents the same descriptive statistics as Table 1 but dis-
aggregated by food insecurity status. There are significant
differences between the two categories of households
across most of these variables as shown in Appendix 2.
However, further empirical analysis should be done to
establish statistically significant correlations between
these variables and the probability of experiencing severe
food insecurity.

Figure 2 shows the distribution of the FIES raw scores
by survey year. It reveals a generally high level of food
insecurity among households in 2018 and 2022. The
median FIES raw score in both 2018 and 2022 was 7,
while the average score declined from 6.02 in 2018 to
5.73 in 2022. This indicates that food insecurity was
slightly less severe in 2022 compared to 2018. Only about
7% and 11% of households in 2018 and 2022, respectively,
had a raw score of 0, meaning they did not experience
any level of food insecurity. Table 2 shows the levels of
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Table 1 Descriptive statistics
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Variable description Mean Std. Dev Confidence intervals
Outcome variable
Household experienced food insecurity, 1=yes 62% [59%-64%)
Continuous variables
Age of the household head 46.69 1438 [46.1-47 3]
Household size 475 1.82 [4.69-4.84]
Overall asset index 1.71 1.07 [1.67-1.76]
- Livestock index 0.35 045 [0.33-0.37]
- Farm assets index 0.52 048 [0.50-0.54]
- Durable assets index 1.10 0.76 [1.07-1.14]
Household's land size in hectares 0.36 045 [0.34-0.37]
Number of crops grown in previous 12 months 3.18 2.00 [3.09-3.26]
Number of trees on farm 2862 36.82 [27.1-30.2]
Distance to the administrative office 1.86 172 [1.79-1.94]
Distance to the nearest [peri]-urban center in kilometers 6.80 5.19 [6.62-7.05]
Categorical variables Percentages
Gender of the household head (1 =female) 22% [20%—-23%)]
Level of education of the household head
- None 30% [28%-32%)]
- Primary level 60% [58%-62%)
- Secondary level 7% [6%-8%]
- Tertiary level 3% [2.6%—4%]
Membership to groups, 1=yes 68% [66%—-70%)
Engagement in off-farm activities, 1 =yes 38% [36%—-40%)]
Household practiced irrigation, 1=yes 3% [2.5%-4%]
Household applied chemical fertilizers, 1=yes 30% [28%-32%)]
Household sold crops produced in previous 12 months, 1=yes 31% [29%-33%]
Household established > 10 trees in main crop field, 1=yes 23% [21%—-24%)]
Household harvested any tree product from their farms, 1=yes 52% [49%-54%]
Household sold tree products, 1=yes 10% [9%-119%]
Household obtained tree products from community land, 1 =yes 25% [23%-27%)
Household consumed fruit harvested from own farm, 1=yes 23% [22%-25%)]
Number of observations N=2,200

food insecurity among households in 2018, 2022 and in
both survey years.

The households are divided into four levels: food secure
(FIES=0), mild food insecure (FIES=1—3), moder-
ate food insecure (FIES=4—6) and severe food inse-
cure (FIES=7—38). It is evident from Table 2 that the
level of food insecurity among sampled households was
very high. At baseline, approximately 63% of households
were severely food insecure, 18% were moderately food
insecure, 12% were mildly food insecure and 7% did not
experience any food insecurity. The percentage of house-
holds in the mild and moderate food insecure categories
remained unchanged in both 2018 and 2022. However,
the percentage of households that did not experience any
form of food insecurity increased from 7% in 2018 to 10%

in 2022, while the percentage of severely food insecure
households declined from 63 to 60%. This indicates that
there were slight improvements in household food secu-
rity status in general.

Figure 3 shows the percentage of households that pro-
vided affirmative responses to each of the FIES-SM ques-
tions, reflecting specific food insecurity experiences
including concerns about food availability, inability to
access sufficient food quantity and impact on dietary
quality. Figure 3 has a slightly negative gradient with the
percentages depicting the prevalence of food insecurity
experiences. From the figure, there are significant con-
cerns about food availability among households. More
households affirmed the questions reflecting concerns
about food availability and quality, including worrying
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Fig. 2 Distribution of FIES raw scores by survey year

Table 2 Distribution of households across food insecurity levels

Level Baseline Endline Average (%)
(2018) (%) (2022) (%)

Food secure 7 10 9

Mild food insecure 12 12 12

Moderate food insecure 18 18 18

Severe food insecure 63 60 62

about lacking food or not eating what they would prefer
or eating a limited range of food. Household food insecu-
rity also manifested in extreme coping strategies like run-
ning out of food, skipping meals or not eating for a whole
day. However, the less households adopted extreme strat-
egies like going an entire day without food.

Empirical results

Before analysis, we assessed multicollinearity in the
explanatory variables using variance inflation factors
(VIF) and found a mean VIF of 2.55 (Appendix 3), indi-
cating that multicollinearity was not a problem. Table 3
shows the marginal effects of the regression analyses.
Column 2 shows the results of the standard RE probit
model and Column 3 are the results from the CRE probit

model. Column 3 reveals that only a few factors signifi-
cantly affected food insecurity in the study area. This sug-
gests that food security is influenced by a broader range
of factors, some of which were not captured in the study.
From the results, the number of foods cultivated, house-
holds engaging in sale of crops, household size, distance
to the administrative office and the time dummy signifi-
cantly correlated with severe food insecurity. An extra
person in the household correlated with a 2% increase in
the probability of severe food insecurity, highlighting the
strain that larger household sizes can place on available
resources including food. The role of household assets
was also analyzed. A unit increase in the durable assets
index was associated with a 21% decrease in the probabil-
ity of severe food insecurity.

In this study, crop diversity was measured as the num-
ber of different crops produced by the household in the
previous season. Table 3 shows that producing one more
crop correlated with a 1.3% reduction in the probability
of severe food insecurity. Households that sold crops in
the previous year had an 8% reduction in the probability
of severe food insecurity.

The proximity of households to the local administrative
offices is also a significant factor. Households living closer
to the cell administrative offices were more likely to expe-
rience severe food insecurity than those living further
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Fig. 3 Households affirmative responses to FIES-RM questions by survey year

away. There were also some significant differences in the
results due to household location. Households in Gatsibo
district had an 8% reduction in probability of severe food
insecurity while households in Kayonza district had a
12% increase in probability of severe food insecurity rela-
tive to households in Bugesera district. The time effects
were also statistically significant, suggesting that the like-
lihood of severe food insecurity in 2022 was significantly
lower than it was in 2018, by 11%. Additionally, this study
also estimated the effect of six agroforestry-related fac-
tors. None of these factors were significantly correlated
with severe food insecurity. The lack of statistical signifi-
cance implies that the impact of the agroforestry-related
variables might not have been substantial enough to
reduce food insecurity within the study’s duration.

Discussion

Factors affecting food insecurity

Food insecurity can be linked to several factors includ-
ing household demographic and socio-economic factors,
farming practices, environmental conditions and insti-
tutional factors. This study revealed that household size
significantly affected food insecurity. Larger households
were associated with an increased probability of severe
food insecurity. Past studies including [16, 56, 64], have

consistently demonstrated that larger households are
more likely to experience food insecurity. Given the high
demand for food in such households, food insecurity
can occur if the factors of production at household level
remain the same. Therefore, larger households should
prioritize maximizing food production from their farms
in the short-term [16].

Our findings also show that the household dura-
ble asset index had the largest effect size on reducing
the probability of severe food insecurity emphasizing
the role of household economic status in food secu-
rity. Households with more durable assets may be bet-
ter financially endowed enabling them to afford food
more easily. Household assets serve as a buffer against
economic instability, allowing wealthier households to
better withstand shocks and maintain food produc-
tion even in adverse conditions. Despite the correla-
tion between durable assets and food insecurity, it is
important to note that some assets may not be easily
liquidated to buy food, therefore we recommend use
of other measures of household’s economic status like
income in future studies, to give a better picture of
the effect of household income levels on food insecu-
rity experience. Besides, the effect of wealth measured
through assets on food security was sometimes unclear
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Table 3 Factors associated with the probability of experiencing severe food insecurity (marginal effects)

Standard RE probit CRE probit

Agroforestry-related variables
Number of trees on farm
Household consumed fruit from farm, 1=yes
Household established > 10 trees in main field, 1=yes
Household harvested any tree product from farm, 1=yes
Household sold tree products, 1=yes
Households harvested a tree product from community land, 1 =yes
Other variables and controls
Gender of household head, 1=female
Level of education of the household head—none
Primary level education
Secondary level education
Tertiary level education
Age of the household head
Household engaged in off-farm activities, 1=yes
Household membership to groups, 1=yes
Household size
Livestock index
Farm asset index
Durable assets index
Household practiced irrigation, 1=yes
Household applied fertilizers, 1=yes
Land size in hectares
Number of crops grown in previous year
Household sold crops in previous year, 1 =yes
Distance to the administrative office in kilometers
Distance to nearest [peril-urban center in kilometers
Time effects included (0=2018, 1=2022)
District dummies included
Mean of time-varying variables included
Rho
Number of observations

—0.0001 (0.0003)

—0.0001 (0.0004)

0.013(0.028) 0.015(0.038)
—-0.017 (0.025) —0.053 (0.035)
0.030 (0.025) 0.054 (0.033)
0.023 (0.034) 0.053 (0.047)
—-0.019 (0.027) —-0.013 (0.036)
0.020 (0.025) 0.018(0.024)
—-0.004 (0.022) 0.002 (0.022)
0.007 (0.042) 0.017(0.041)
—-0.023 (0.067) —0.024 (0.067)
—0.0004 (0.001) 0.000 (0.001)
0.058*** (0.020) 0.007 (0.029)
—0.057***(0.020) —0.028 (0.031)
0.019*** (0.005) 0.021***(0.005)
—0.07*** (0.022) —0.04 (0.035)
—0.024 (0.025) —0.015(0.034)
—0.22***(0.015) —0.207***(0.016)
0.033 (0.050) 0.059 (0.072)
—0.044** (0.021) —0.005 (0.032)
—0.043% (0.023) —0.006 (0.031)
—0.013**(0.005) —0.013**(0.007)
—0.084*** (0.02) —0.081***(0.02)
—0.023%**(0.006) —0.023*** (0.006)
—0.001 (0.002) —0.001 (0.002)
—0.085%** (0.023) —0.094*** (0.027)
Yes Yes

No Yes

0.10 0.1

2200 2200

Standard errors in parentheses; “ p<0.05, " p<0.01, " p<0.001

[21]. However, other household assets including live-
stock and farm tools and equipment, were not statisti-
cally significant.

With regard to farming practices, the findings show
that cultivating a variety of crops reduces the likeli-
hood of severe food insecurity. This finding aligns
with other studies from sub-Saharan Africa that dem-
onstrate the benefits of crop diversification. Previous
studies, for example Morrissey, Reynolds [7] found
that in Uganda, crop diversification was strongly cor-
related with fewer food inadequate months and higher
household dietary diversity, while Mango, Makate [58]
and Mango, Zamasiya [56] found that crop diversifica-
tion resulted in better food consumption scores (FCS)

and lower household food insecurity access scores in
Malawi and Zimbabwe, respectively. Habtemariam,
Gornott [57] made the same conclusion from a study in
Tanzania, but measured food security in terms of die-
tary diversity. Ng’endo, Bhagwat [21], however, found
no link between crop diversity and food security in
western Kenya. Diversifying crop production enables
smallholders to better manage production and market
risks and allows them to stagger their production which
ensures a more consistent supply of food throughout
the year [20, 58]. The production of different crops
enhances the diversity of diets among households, an
important dimension of food security. It is therefore a
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strategy that could be employed to reduce severe food
insecurity in the study area.

Engaging in local markets enables households to
earn an income and encourages better agricultural
practices and investment in crop production. Earnings
may facilitate purchase of food items not produced on
farm, and can reduce food insecurity [21]. The sale of
crops is beneficial if it arises from surplus production.
However, some studies, reported that households in
SSA sometimes sell crops after harvest even without
being self-sufficient themselves [9, 11]. This strategy is
employed to meet immediate cash needs or to prevent
post-harvest losses of perishable produce, despite the
risk of future food insecurity. This can expose house-
holds to severe food insecurity in future periods. A
finding by Ngango, Musabanganji [16] showed that the
FCS reduced with increased quantity of agricultural
produce sold in the market, highlighting the food inse-
curity risks smallholder households face in selling agri-
cultural produce after harvest. Further investigation
is needed to determine whether households sold their
crops and later repurchased the same crops they had
sold.

Besides household factors and farming practices,
institutional factors are also important. The proximity
of households to cell administrative offices affected the
probability of severe food insecurity. Our results suggest
households further away from administrative offices may
experience a lower probability of severe food insecurity.
This may be due to a higher level of self-sufficiency and
less reliance on government support programs. However,
further analysis is required to disentangle other systemic
issues that might be associated with proximity to admin-
istrative offices, and which may affect food insecurity in
the population such as resources for better production.
In most areas in the study area, market areas are inte-
grated with administrative offices, and this can increase
reliance on cash crops or purchased food. Households
located further away from administrative offices and
markets may avoid price shocks or income instability that
are associated with cash-based economies, by producing
more crops leading them to be less susceptible to severe
food insecurity.

Methodologically, our findings demonstrate that some
of the factors that significantly affect food insecurity in
the standard RE probit model are not significant in the
CRE probit model. In the former model, the significant
covariates may include error terms of unobserved factors
thus inflating the significance levels if they were corre-
lated. Once unobserved heterogeneity is controlled for by
the CRE probit model, the significant relationships pre-
viously observed do not hold, suggesting that the earlier
significance may have been due to confounding factors or
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omitted variable bias. The variables that are statistically
significant in both models show only marginal differences
in the coefficients, meaning that the effect of these vari-
ables was relatively consistent across the two models.

The role of agroforestry in reducing food insecurity
Agroforestry is generally associated with a range of eco-
logical and socio-economic benefits, but the relation-
ship between agroforestry and food insecurity is complex
[26]. Our findings show that agroforestry-related fac-
tors did not significantly affect the probability of severe
food insecurity. This does not suggest that agroforestry
does not affect food security generally but implies that
the effects of the variables measured did not reflect sig-
nificant changes due to the short project implementa-
tion timeframe. As such, planted trees may not have
been mature enough to yield the expected improve-
ments in food security. Since Rwanda is generally char-
acterized by high food insecurity [4], it is likely that the
observed slight improvements in food security between
2018 and 2022 are due to external factors. Such factors
may include seasonal variations, other ongoing devel-
opment programs, or short-term coping mechanisms
adopted by households. The statistically significant time
effects also corroborate the descriptive findings which
show slightly lower food insecurity levels in 2022. This
suggests that there could also have been higher-level fac-
tors that generally affected the study area as a whole and
may have led to the slightly less food insecurity experi-
enced by households in 2022.

The lack of statistical significance of agroforestry-
related variables may also be explained by other factors
such as low levels of adoption and adopting unsuitable
tree species. In regions with very small land sizes, agro-
forestry practices, including tree planting, can be chal-
lenging. This is because the limited land may not be
sufficient to accommodate both crops and trees effec-
tively [11, 24, 55], leading to low adoption levels. Farm-
ers in such areas prioritize immediate crop production
over long-term agroforestry investments, reducing the
potential of agroforestry to contribute to food security.
Immediate economic pressures may also compel people
to focus on short-term yields rather than long-term sus-
tainability [55]. It may be necessary to tailor agroforestry
systems to small-size plots in order to optimize land use.

Integrating unsuitable tree species may also fail to
have the desired effect on food security [55]. Such spe-
cies may not improve soil productivity, directly provide
food or supply saleable tree products. In this study, the
most prevalent tree species in farms were exotic trees,
such as Eucalyptus spp., which may not directly reduce
food insecurity in the short term. The fruit trees planted
during the study period, such Mangifera indica (mango),



Kegode et al. Agriculture & Food Security (2025) 14:37

Persea americana (avocado) and Cyphomandra betacea
(tree tomato), may not have started fruiting by the time
the surveys were done, hence may not have had a signifi-
cant effect on severe food insecurity. So, while agrofor-
estry holds significant long-term potential for improving
food security, realizing these benefits requires targeted
policy support and the promotion of context and eco-
logically appropriate species. Policy makers could prior-
itize continued integration of the fruit trees listed above
including mango, avocado, and tree tomato; timber
species from which farmers can earn incomes (such as
Grevillea robusta), and multipurpose leguminous trees
which enhance soil fertility (such as Gliricidia sepium
and Calliandra calothyrsus) within smallholder systems,
as these have demonstrated both economic and ecologi-
cal benefits in similar contexts [65]. It is also important
to conduct farmer training to promote uptake of different
tree species. Tree-planting could also be incentivized by
increasing access to planting materials. The effectiveness
of agroforestry systems can also be undermined by envi-
ronmental challenges. While agroforestry seeks to build
resilience to challenges such as drought, soil degradation
and climate change, benefits may not be realized in the
short term if these conditions are too harsh or unpredict-
able, causing the expected advantages of integrating trees
into farming systems not to materialize as expected.

Conclusion
This study sought to investigate factors affecting food
insecurity among smallholder farmers in Eastern

Rwanda. The results highlighted the fact that food inse-
curity was high in the study area and warrants attention.
The empirical findings indicated that farming practices
like the number of crops produced, and household socio-
economic characteristics like household size and durable
assets played a more significant role in food insecurity
than agroforestry-related factors in the short-term. The
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time taken for agroforestry systems to mature and have
the desired impact on food security outcomes was identi-
fied as an important factor to be considered in light of the
prevailing food insecurity situation, particularly in rural
areas of the country such as the Eastern Province. Agro-
forestry interventions can therefore be adopted as a long-
term food security improvement measure.

These findings provide a basis for making various pol-
icy suggestions. It is recommended that interventions
that can address the immediate high level of food inse-
curity in the study area be identified and supported. It
might be better to promote measures that increase the
socio-economic status of households to enable them to
access food more easily or increase the capacity of farm-
ers to produce more from their farms in the short term.
While market-oriented production should be encour-
aged, improving storage facilities and practices could
help households manage their food resources better. For
mid- to long-term agroforestry interventions, farmers
must be encouraged to adopt the right tree species and
follow best practices to integrate them in crop lands. The
impact of agroforestry can better be evaluated after mat-
uration of planted trees.

For future studies, data such as crop productivity and
income would be necessary to improve such analyses.
We found, for example, that households that marketed
crops had a significant effect on food insecurity, but this
was only based on a binary variable. To understand the
extent of such contribution, data on how much income
are obtained from sale of crops vis-a-vis other sources
of household income, including tree income would
be required. Furthermore, we recommend that future
research employ experimental methods to better under-
stand causal pathways and the long-term effects of spe-
cific species and tree management practices.

Appendix 1
See Table 4
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Table 4 A priori expectations of regression covariates
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Description Type of variable Expected effect
on food security
Number of trees on farm Continuous +
Trees established in the main cropping field Dummy +
Households harvested tree products from their farms Dummy +
Households harvested tree products from communal land Dummy +
Households sold tree products within the year Dummy +
Households consumed fruit harvested from farms Dummy +
Land size Continuous +
Number of crops grown Continuous +
Use of chemical fertilizer Dummy +
Practice of irrigation Dummy +
Distance from homestead to nearest market Continuous +
Membership of household members to groups Dummy +
Farm asset index Continuous +
Durable assets index Continuous +
Livestock index Continuous +
Gender of household head Dummy +
Age of household head Continuous +
Level of education of household head Categorical +
Household size Continuous +

District fixed effects
Time fixed effects

Used to control district level effects
Used to control macro-level issues affecting the entire sample

Appendix 2
See Table 5

T-test used for continuous variables and prtest two-
sample for proportions used to check differences between
percentages of binary variables. Standard errors in paren-
theses.  p<0.05," p<0.01, " p<0.001
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Table 5 Descriptive statistics by food security status
Variable description Food insecure (1) Not food insecure (0) Difference
(0-1)
Continuous variables
Age of the household head 46.60 46.84 0.24 (0.63)
Household size 467 491 0.24*** (0.80)
Overall asset index 1.33 233 1.00%** (0.04)
- Livestock index 0.26 049 0.22*%*(0.02)
- Farm assets index 041 0.70 0.29%** (0.02)
- Durable assets index 0.85 1.51 0.66*** (0.03)
Household's land size in hectares 0.29 046 0.18*** (0.02)
Number of crops grown in previous 12 months 297 3.51 0.54*** (0.09)
Number of trees on farm 24.98 34.43 9.45%** (1.60)
Distance to the administrative office 1.85 1.89 0.04 (0.08)
Distance to the nearest [peri]-urban center in kilometers 6.80 6.89 0.10(0.23)
Categorical variables Proportions Proportions
Gender of the household head (1 =female) 0.25 017 —0.08%** (0.021)
Level of education of the household head
-None 0.33 0.24 —0.10*** (0.019)
- Primary level 0.59 0.62 0.03 (0.021)
- Secondary level 0.05 0.09 0.04*** (0.011)
- Tertiary level 0.02 0.05 0.03*** (0.009)
Membership to groups, 1=yes 0.63 0.77 0.14*** (0.021)
Engagement in off-farm activities, 1 =yes 042 031 —0.11%**(0.020)
Household practiced irrigation, 1=yes 0.025 0.042 0.02** (0.008)
Household applied chemical fertilizers, 1=yes 0.23 041 0.19%** (0.020)
Household sold crops produced in previous 12 months, 1=yes 0.22 045 0.22*** (0.020)
Household established > 10 trees in main crop field, 1=yes 0.20 0.27 0.07***(0.019)
Household harvested any tree product from their farms, 1=yes 048 057 0.09*** (0.022)
Household sold tree products, 1=yes 0.08 0.14 0.05*** (0.014)
Household obtained tree products from community land, 1 =yes 0.22 0.30 0.09***(0.019)
Household consumed fruit harvested from own farm, 1=yes 0.22 0.26 0.05** (0.019)

Appendix 3
See Table 6
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Table 6 Variance inflation factors table
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Variable description VIF 1/VIF

Gender of household head 1.27 0.78

i. Level of education of the household head
Primary level 15 0.67
Secondary level 13 0.77
Tertiary level 1.21 0.83
Age of household head 1.49 0.67
Household engaged in off-farm activities 246 041
Household belongs to community level groups 2.63 0.38
Household size 1.2 0.84
Livestock index 349 0.29
Farm asset index 35 0.29
Durable assets index 1.86 0.54
Household practiced irrigation 2.21 045
Household applied chemical fertilizer 2.82 0.36
Land size 3.04 0.33
Number of crops grown in previous year 2.75 0.36
Household sold crops in previous year 1.22 0.82
Number of trees on household farm 345 0.29
Household consumed fruit harvested from farm 347 0.29
Household established more than 10 new trees on main crop field 2.99 033
Household harvested at least one tree product from farm 3.62 0.28
Household sold at least one tree product harvested from farm 249 040
Household harvested at least two tree products from communal land 347 0.29
Distance to administrative office 1.36 0.74
Distance to nearest urban/peri-urban center 117 0.85
Time dummy 2.51 040

i. District
Gatsibo district 1.69 0.59
Kayonza district 1.82 0.55
Nyagatare district 1.71 0.58
Mean land size 332 0.30
Mean off-farm participation 253 0.39
Mean group membership 2.64 038
Mean number of crops grown 2.7 037
Mean livestock index 393 0.25
Mean farm asset index 392 0.26
Mean number of trees on farm 373 0.27
Mean—household established > 10 trees on main crop field 2.87 0.35
Mean—household harvested at least one tree product from farm 36 0.28
Mean—household sold at least one tree product harvested from farm 267 038
Mean—household harvested at least two tree products from communal land 3.56 0.28
Mean—household practiced irrigation 223 045
Mean—household applied chemical fertilizer 2.81 0.36
Mean—household consumed fruit harvested from farm 327 0.31
Mean VIF 2.55

Appendix 4

See Table 7

Standard errors in parentheses; p-values in square
brackets; " p<0.05," p<0.01, " p<0.001
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Table 7 Factors associated with the probability of experiencing severe food insecurity (marginal effects)

Standard RE probit CRE probit

Agroforestry-related variables

Number of trees on farm

Household consumed fruit from farm, 1 =yes

—0.0001 (0.0003)
[0.896]

0.013(0.028)

—0.0001 (0.0004)
[0.951]

0.015 (0.038)

[0.659] [0.702]

Household established > 10 trees in main field, 1=yes —-0.017 (0.025) —0.053 (0.035)
[0.487] [0.135]

Household harvested any tree product from farm, 1=yes 0.033 (0.024) 0.054 (0.033)
[0.174] [0.105]

Household sold tree products, 1=yes 0.023 (0.034) 0.053 (0.044)
[0.488] [0.235]

Households harvested a tree product from community land, 1=yes —-0.019 (0.027) —0.013 (0.036)
[0.558] [0.726]

Other variables and controls

Gender of household head, 1 =female 0.020 (0.025) 0.018 (0.024)

[0.415] [0.460]
Level of education of the household head—none

Primary level education —0.004 (0.022) 0.002 (0.022)
[0.867] [0.927]

Secondary level education 0.007 (0.042) 0.017 (0.041)
[0.869] [0.682]

Tertiary level education —0.023 (0.067) —0.024 (0.067)
[0.727] [0.724]

Age of the household head —0.0004 (0.001) 0.000 (0.001)
[0.642] [0.966]

Household engaged in off-farm activities, 1=yes 0.058*** (0.020) 0.007 (0.029)
[0.004] [0.802]

Household membership to groups, 1=yes —0.057*** (0.020) —0.028 (0.031)
[0.007] [0.357]

Household size 0.019%** (0.005) 0.021*** (0.005)
[0.000] [0.000]

Livestock index —0.07***(0.022) —0.04 (0.035)
[0.001] [0.201]

Farm asset index —0.024 (0.025) —0.015 (0.034)
[0.369] [0.652]

Durable assets index —0.22***(0.015) —0.207*** (0.016)
[0.000] [0.000]

Household practiced irrigation, 1=yes 0.033 (0.050) 0.059 (0.072)
[0.487] [0.412]

Household applied fertilizers, 1 =yes —0.044** (0.021) —0.005 (0.032)
[0.040] [0.873]

Land size in hectares —0.043* (0.023) —0.006 (0.031)
[0.064] [0.836]

Number of crops grown in previous year —0.013** (0.005) —0.013**(0.007)
[0.010] [0.047]

Household sold crops in previous year, 1=yes —0.084*** (0.02) —0.081*** (0.02)
[0.000] [0.000]

Distance to the administrative office in kilometers —0.023*** (0.006) —0.023*** (0.006)
[0.000] [0.000]

Distance to nearest [peri]-urban center in kilometers —0.001 (0.002) —0.001 (0.002)
[0.505] [0.579]

Time effects included (0=2018, 1=2022) —0.085*** (0.023) —0.094*** (0.027)
[0.000] [0.000]

District dummies included Yes Yes

Mean of time-varying variables included No Yes

Rho 0.10 0.1

Number of observations 2200 2200
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