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Food insecurity remains a major concern for numerous rural households in Sub-Saharan

Africa who rely on agriculture as their main source of livelihood. The assessment of

the links between food security and livelihoods is central for overcoming widespread

food insecurity. However, assessments remain challenging due to food security’s

multi-dimensionality and the challenge of finding indicators that are comparable and

applicable to various contexts. This study addresses this challenge by adapting a food

security index (FSI) and uses it to assess the livelihood drivers of food security. The

index captures the multi-dimensionality of food security using conventional food security

indicators. The assessed indicators include measures of “food consumption score,”

“household dietary diversity score,” “coping strategies index,” the “household food

insecurity access scale,” and “months of adequate household food provisioning.” The

study covered 600 randomly selected households representative of three agro-ecological

zones located close to large-scale agricultural investment in Mount Kenya region in

Kenya. We used linear regression to identify livelihood factors significantly influencing

food security. Spearman’s rank-order correlation and student’s T-test demonstrated a

strong and significant correlation between the composite FSI index and each classical

indicators of food security. Overall, 32% of the households were food secure and

68% were food insecure. Households’ ownership of productive hand tools, followed

by off-farm income, consumption of own produced food, type of agro-ecological zone,

farm income and number of main crops infested by pests had a significant effect on

household food security. All these factors, except the number of main crops infested

by pests, were found to positively influence household food security. Households in

humid agro-ecological zone were less food secure than households in semi-humid and

semi-arid zones. Household size, the size of accessible land and households’ members’

participation to large agricultural investments (as wage workers or sub-contract farmer)

were not significantly influencing food security. Households of the Mount Kenya region

need alternative off-farm income sources combined with further support to improve

sustainable agriculture management with appropriate hand tools.
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INTRODUCTION

Achieving food security remains challenging in many rural areas
of Sub-Saharan Africa (FAO, 2017). The 1996 World Food
Summit defines, food security as existing “when all people,
at all times, have physical and economic access to sufficient,
safe, and nutritious food that meets their dietary needs and
food preferences for an active and healthy life” (FAO, 2006, p.
1). This definition of food security rests on four pillars: food
availability, accessibility, utilization, and stability. Availability
means physical presence of adequate food, accessibility denotes
access by individuals to adequate resources for obtaining suitable
foods for a nutritious diet, utilization means having sufficient
energy and nutrient intake combined with good biological
absorption of the food consumed, and stability entails access at
all times and not losing such access (FAO, 2006). Each pillar
is necessary but alone not sufficient to ensure the achievement
of food security (Barrett, 2010). Appropriately measuring food
security implies putting into simultaneous consideration all
pillars in order to direct food security policies to the right
target group.

Kenya, like other Sub-Saharan countries, faces food insecurity
with approximately 3.4 million people in 2017 being acutely food
insecure and in need of humanitarian assistance (Government
of Kenya, 2017). This is a significant increase of 67% from the
2.6 million identified in 2016 (Government of Kenya, 2017).
According to the government, this increase was because of below-
average crop production in 2016 due to poor rains, increases
in food prices and reduced regional imports from neighboring
countries that also faced below-average production.

Research shows that multiple and complex factors influence
food insecurity, such as climate change, neoliberal policies
reducing support to smallholders rural households such as
extension services, increase of costs for agricultural inputs, or
price volatility of food products (Heidhues et al., 2004; Ulrich
et al., 2012; Nganga and Mugo, 2018). Other researches add
that large-scale land acquisition, which has been on the rise
in the last decade especially in Africa, is a potential driver of
food insecurity but also provides potential opportunities for
employment and off-farm incomes (Cotula, 2013; Richards, 2013;
Bottazzi et al., 2018). Large farms in the westernMt. Kenya region
were transformed into highly technical horticultural farms for
international markets (Wiesmann et al., 2000). This has been
labeled as a pro-poor strategy, but other researchers argue that
the sector does not benefit the poor (Ulrich, 2014). Another
aspect influencing household food security is the characteristic of
the agro-ecological zone particularly in mountainous gradients,
where climatic and soil conditions can vary dramatically
according to altitude, access to irrigation and soil fertility (Roden
et al., 2016). Apart from these contextual factors, the proximate
causes of food insecurity remain challenging to identify due to
its multidimensionality (Barrett, 2010). Thus, studies aiming at
a better understanding of drivers of food insecurity are needed
to inform policies to take proper measures to support rural
households (Connolly-Boutin and Smit, 2016).

This task is daunting, yet many indicators available for
measuring food security are not taking into account the different

dimensions of food security, which poses methodological
challenges (Barrett, 2010; Jones et al., 2013; Maxwell et al.,
2013; Hendriks et al., 2016). For instance, the food consumption
score (FCS) (World Food Programme, 2008) and the household
dietary diversity score (HDDS; Swindale and Bilinsky, 2006) can
capture the utilization dimension. The coping strategies index
(CSI; Maxwell and Caldwell, 2008) and the household food
insecurity access scale (HFIAS; Coates et al., 2007) can capture
the accessibility and stability dimensions. Measuring the months
of adequate household food provisioning (MAHFP; Swindale and
Bilinsky, 2010) captures food availability and stability.

Thus, for greater reliability, it is vital to combine food
security indicators that measure different dimensions (Maxwell,
1995). Additionally, since food security is a result of households’
experiences, behavior and decision-making, it can be estimated
by a reasonably constructed index rather than a precise and
objective measurement (Hendriks et al., 2016). In addition,
although indicators can measure food security either at global,
regional, national, local, household or individual levels, the
household level remains the basis upon which aggregate food
security is measured, hence the focus of this research. This
study aims at modifying and testing a composite food security
index (FSI) searching to achieve a comprehensive estimation of
household food security, while providing at the same time a basis
for analysis and critical insight on themost influencing livelihood
related drivers of food security.

MATERIALS AND METHODS

Study Area
The study was conducted in the north- western slopes of Mount
Kenya, covering parts of Laikipia and Meru counties, within
the upper Ewaso Ng’iro river basin (Figure 1) from January to
March 2017. The study area is characterized by a steep ecological
gradient marked by distinct altitudinal belts that drop from
a height of 5,200m in the alpine zone through the Laikipia
plateau at 1,500m to below 1,000m in the Samburu lowlands
(Kiteme and Gikonyo, 2002). The climate changes from semi-
humid (1,000–1,500mm annual rainfall) in the highlands of
Meru County to semi-arid (400–700mm annual rainfall) and to
arid (about 350mm annual rainfall) northwards over the Laikipia
Plateau (Eckert et al., 2017). We chose this area due to the
presence of different agro-ecological zones, diverse livelihood
systems, and the presence of large-agricultural investments1

(LAIs). The original inhabitants of the area belong to the Maasai
tribe, who are predominantly pastoralists. However, currently the
largest settlers in the area belong to Kikuyu and Meru tribes
who originated from high potential areas on the eastern and
southern slopes of Mount Kenya who practice mixed-farming
(Ulrich et al., 2012). Many rural households within the upper
Ewaso Ng’iro river basin are small-scale farmers with less than
one hectare (ha) of land, on which they practice mixed farming
for subsistence and for local markets, while in the drier lowlands

1Large-scale agricultural investments in the context of this study refer to farms

that cover a large area, involves a great amount of capital, or has a large number of

employees or has a combination of these factors.
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FIGURE 1 | Study area in the North-Western Mount Kenya region.

of Laikipia plateau, pastoral systems dominate (Ulrich, 2014;
Zaehringer et al., 2018). LAIs have increased from less than 5
in early 1990s to 24 in 2003, and 35 in 2013 in the northwest of
Mt. Kenya (Kiteme et al., 2008), increasing pressure on limited
natural resources, particularly water (Lanari et al., 2016). Also,
the area face limited and erratic rainfall, population increase,
increasing land degradation and soil erosion (Ulrich, 2014).

Data and Methodology
We applied a stratified random sampling to select households
that are equally distributed in Maritati and Mutarakwa sub-
locations representing the humid area, Kalalu and Ngenia
sub-locations representing the semi-humid area, and Lamuria
and Githima sub-locations representing the semi-arid area
(Figure 1). First, we identified households’ locations using
Google Earth Basemap of the quantum geographic information
system (QGIS). The study area had 9,851 households. However,
in order to increase the chances of having a sufficient proportion
of households participating in LAIs we selected 6,000 households
that were located within a radius of 15 km from the LAI in the
study area. In the local context, the 15 km distance is considered
the longest commuting distance to and from the LAIs daily
using local or LAI organized means of transport. Finally, we

randomly selected 200 households in each ecological zone using
the random selection function of the QGIS software resulting
in 600 households. We allocated an identification number to
all the selected households. The study targeted adult household
members over 18 years of age for responses. We interviewed
the 600 households on the guidelines developed for five food
security indicators as elaborated in chapter 2.3. If no respondent
was available, the team revisited later and, in case of sustained
absence, the enumerators picked the closest household nearby
instead. The survey enumerators translated the questions in
local languages, either Kikuyu, Kimeru, or Swahili. We collected
qualitative data through observations and interviews with experts
on food security in the region. Observations and interviews
mainly focused on their views on the drivers of food security and
their general opinion on some of the key leverages that are needed
to improve farmers’ food security status.

Food Security Measurement
For the development of the FSI, we focused on the mostly
used indicators used to measure household food security
(Table 1). They included ameasure of household dietary diversity
score (HDDS; Swindale and Bilinsky, 2006), food consumption
score (FCS; World Food Programme, 2008), coping strategies
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TABLE 1 | Calculation and classification for each food security indicator.

Food security indicator Calculation guidelines Classification guidelines Reference

Household Dietary

Diversity Score (HDDS)

Grouping food into 12 food groups i.e., cereals, white

tubers and roots, vegetables, fruits, meats, eggs, fish

and other seafood, legumes, nuts and seeds, milk and

milk products, oils and fats, and sweets, spices,

condiments, and beverages. The responses should be

either “0” or “1.” Summing all the food groups provides a

household dietary diversity score ranging from 0 to 12.

≤ 3 food groups = lowest dietary

diversity

4 and 5 food groups = medium

dietary diversity

≥ 6 food groups = high

dietary diversity

(Swindale and Bilinsky,

2006)

Food Consumption Score

(FCS)

Grouping food into 9 food groups i.e., staples,

vegetables, fruits, meat and fish, pulses, milk, oils, and

sugar and condiments. Each group is then multiplied by

its weight. The guiding principle for determining the

weight is the nutrient density of the food groups. Staples

= 2, Vegetables = 1, Fruits = 1, Meat and fish = 4,

Pulses = 3, Milk = 4, Oils = 0.5, Sugar = 0.5, and

Condiments = 0. Summing all food groups provides a

household food consumption score.

0–21 = poor food consumption

score

21.5–35 = Borderline food

consumption score

>35 = Acceptable food

consumption score

(World Food

Programme, 2008)

Coping Strategy Index

(CSI)

Frequency for each coping strategy response, multiplied

by its weight. The weights are developed from qualitative

observation or focus group discussion, e.g., purchasing

food on credit. Summing all the responses provides a

household coping strategy index

0–2 =No or low coping (Food

secure)

3–12 =Mildly food insecure

≥ 13 =High

coping(Moderately/severely

food insecure)

(Maxwell, 1995;

Maxwell and Caldwell,

2008)

Household food insecurity

access scale score

(HFIAS)

Respondents are asked nine questions that include a

condition and frequency of the condition. The questions

refer to conditions of anxiety and uncertainty about the

household’s food supply, insufficient quality, insufficient

food intake and its physical consequences. Respondents

are asked whether the above conditions happened at all

in the past 30 days (yes or no). If the respondent answers

“yes,” a frequency-of-occurrence question follows to

determine whether the condition happened rarely (once

or twice), sometimes (three to 10 times) or often (more

than 10 times) in the past 30 days. In this study,

frequency-of-occurrence is coded as 0 for all cases

where the answer to the corresponding occurrence

question is “no” (i.e., if Q1 = 0 then Q1a = 0, if Q2 = 0

then Q2a = 0, etc.). The four-food security categories

were created subsequently to ensure that households

were classified according to their most severe response.

1 = Food secure

2 = Mildly food insecure

3 = Moderately food insecure

4 = Severely food insecure

(Coates et al., 2007)

Months of adequate food

provisioning (MAHFP)

Twelve months minus the total number of months out of

the last 12 months during which a household was unable

to meet their food needs. This study calculated the mean

for all the households in the sample and households

above the mean were classified as food secure and

below the mean classified as food insecure

10–12 months = food secure

0–9 months = food insecure

(Swindale and Bilinsky,

2010)

index (CSI; Maxwell and Caldwell, 2008), months of adequate
household food provisioning (MAHFP; Swindale and Bilinsky,
2010), and household food insecurity access scale (HFIAS; Coates
et al., 2007). HDDS is the number of different food groups
consumed during the last week. This allowed us to capture
variability diversity in intake (Ruel, 2002). However, to precisely
capture variability in HDDS, there is a need to do a 24-our recall
period (to minimize recall error) for a 7-day reference period (to
capture variability in intake), which was beyond the scope of this
study. FCS is a composite score based on dietary diversity, food
frequency, and the relative nutritional importance of different
food groups. CSI is based on the many possible answers to one
single question: “What do the household members do when they

do not have adequate food, and do not have the money to buy
food”? MAHFP identifies whether there was limited access to
food during the last 12 months, regardless of the source. HFIAS
is based on the idea that the experience of food insecurity (access)
causes predictable reactions and responses. The reference period
for HFIAS was 1 month. HFIAS features nine closed occurrence
questions on levels of severity of food insecurity, and nine closed
“frequency-of-occurrence” questions.

Data Analysis
We used guidelines provided by World Food Programme
(WFP) and the Food and Nutrition Technical Assistance
communities (FANTA) to compute FCS, HDDS, CSI, MAHFP,
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and HFIAS for each household (Swindale and Bilinsky, 2006,
2010; Coates et al., 2007; Maxwell and Caldwell, 2008; World
Food Programme, 2008). We classified households into different
categories according to the documented guidelines (Table 1). To
capture the overall food security status of each household, we
checked whether the household met the food security thresholds
for each of the five indicators. This resulted to dummy variables
where one (1) meant food security for every indicator in each
household. To create a composite food security index, first
we standardized each of the original indicator score into a Z-
score for each household to achieve algebraic requirements (see
Equation 1). Some researchers have developed indices see Sahu
et al. (2017) and The Economist Intelligence Unit (2018). Since
we assessed household food security in the study area using the
conventional food security indicators, we put our focus on how
best to combine these indicators. By reassessing the food security
index developed by Sahu et al. (2017), we adapt the concept by
combining five indicators.

We make a modification of Sahu et al. (2017) index that uses
the difference between minimum of food security and maximum
of food insecurity indicators using a normalized score. For a
household to achieve food security, it must fulfill all food security
dimensions simultaneously. Therefore, by Sahu et al. (2017) only
taking one minimum value among all food security indicators
and one maximum value of all food insecurity indicators, it may
not sufficiently incorporate all dimensions of food security in
each household’s final index. Moreover, the authors do not justify
why only one of the food security indicators (FCS, HDDS, CSI,
or Self assessed food security) can compensate for only one of the
food insecurity indicators (Household Hunger Scale or HFIAS).
We consider this a compensational effect problem.

To avoid this compensational effect, we summed up all
standardized scores from each food security indicator to create
a composite FSI guided by Song et al. (2013) (see Equation
2). According to the authors, summing is appropriate if the
original variables are known to have similar relationships with the
outcome variable. Additionally, converting the original variable
scores to standardized scores preserves the distribution of the
original scores and the contributions of these variables are
considered equal (Song et al., 2013). In our case, none of the
dimensions of food security is more or less important to the other
and therefore, their contribution to the composite index should
be equal. Moreover, for a household to achieve food security,
it must fulfill all food security dimensions simultaneously. See
Equation (1) for calculating the household Z-score for each food
security indicator

zn =
xn − µn

σn
(1)

where zn is the Z-score for each food security indicator for
the nth household, xn is the original score, µn is the mean
of the original distribution and σnis the standard deviation of
the original distribution. We then inversed the food insecurity
indicator scores (CSI and HFIAS) for high scores to imply food
security (see Equation 2). We performed a Spearman’s rank
correlation between the food security indicators and the final

composite FSI to assess whether all dimensions of food security
correlated well with the final composite FSI. See Equation (2)
Calculating the composite FSI.

xFSIn =
(

zHDDSn + zFCSn + zMAHFP
n +

(

−zCSIn

)

+ (− zHFIASn

)

(2)

where xFSIn is the composite food security index for nth household;
zHDDSn is theHDDS Z-score; zFCSn is the FCS Z-score; zMAHFP

n is the
MAHFP Z-score; zCSIn is the CSI Z-score and zHFIASn is the HFIAS
Z-score. In this formula, higher scores imply higher food security.

Multiple linear regression analysis determined crude
associations between FSI and the independent variables. Based
on the probability of the Breusch-Pagan test of heterogeneity at
0.0017, the residuals were not homogenous at 0.05 threshold.
Therefore, we used the robust standard error model that
estimates the model by relaxing ordinary least squares
assumptions related to independence and identical distribution
of errors. Additionally, to enable comparison of the variables
influencing the composite FSI, we performed another regression
model using standardized independent variables to get the
standardized coefficients (Table S1).

The unstandardized coefficients show the effect of the
explanatory variables on a household’s food security while the
standardized coefficients show the strength of the coefficient in
comparison to other explanatory variables. Table 2 shows the
explanatory variables on household food security. The choice of
explanatory variables was informed by the livelihood and access
theories (DFID, 1999; Ribot and Peluso, 2003).

RESULTS

Characteristics of the Surveyed
Households
Table 3 presents descriptive statistics of the studied households.
Twenty-three observations had missing values and were thus not
included in the subsequent analysis. Household derive their farm
income from agricultural activities within a household’s land
holdings, and off-farm income from activities outside household’s
landholdings. Their sources of farm income included sale of
crops, trees and livestock. Off-farm income came from trade
and business, remittances, house rent, formal employments,
transport services, and artisanal work. Interestingly, although all
the surveyed households were located in a maximum radius of
15 km from large scale agricultural investments, only 6% have had
at least one wage contract and only 12% engaged in sub-contract
farming in the last 12 month preceding the survey.

Food Security Status Based on Food
Security Indicators
For better understanding how the indicators compare to
each other and to the composite FSI, we analyzed the
strength of the correlations. Table 4 shows that indicators
correlated significantly, except MAHFP and FCS. Interestingly,
all indicators had a statistically highly significant correlation with
the composite FSI. These correlations are important since they
give a glimpse of how different pillars of food security relates for
the overall achievement of food security.
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TABLE 2 | Summary of the exploratory variables used in the multiple regression model.

Explanatory variable Code Type of variable

Education level of household head 0 = No formal education 1 = Primary level 2 = Secondary level 3 = Post-secondary level Factor

Household size Number of household members Continuous

Total annual household farm income Amount in thousands of Kenya shillings (KSh) Continuous

Total annual household off-farm income Amount in thousands of Kenya shillings (KSh) Continuous

Engagement in wage labor in LAIs 1 if yes, 0 otherwise Dummy

Sub-contract farming for LAIs 1 if yes, 0 otherwise Dummy

Agro-ecological zone 1 = Humid 2 = Semi-humid 3 = Semi-arid Factor

Size of accessible land Number of hectares Continuous

Size of cultivated land Number of hectares Continuous

Use of irrigation 1 if yes, 0 otherwise Dummy

Number of different types of livestock kept Different types of domestic animals kept Count

Self-produced food as a percentage of food consumed Percentage Continuous

Number of different types of crops grown Different types of crops grown Count

Number of crops infested by pest 1 if yes, 0 otherwise, for four main crop species Count

Number of productive hand tools Number of tools Continuous

TABLE 3 | Characteristics of the studied households (n = 577).

Variables Mean (SD) Variables Frequency (%)

Household size(#) 4.06 (1.97) Education level of household head

Total annual household farm income

(# in KSh)

73,071(148,541) Post-secondary education (level)Secondary(level) 74 (13) 181(31)

Total annual household farm income

off-farm income (# in KSh)

81,998 (157,558) Primary(level)No formal education (level) 279 (48) 43 (7)

Size of accessible land (# in ha) 1.4 (1.8) Number of households in each agro-ecological zone

Size of cultivated land (# in ha) 0.7 (0.7) Humid 194 (34)

Self-produced food as a

percentage of food consumed (%)

35.06 (24.65) Semi-humid 186 (32)

Semi-arid 197 (34)

Number of productive hand tools (#) 12.83 (8.18) Engagement in wage labor in LAIs 32 (6)

Sub-contract farming in LAIs (Yes) 69 (12)

Number of different types of crops

grown (#)

4.81(2.41) Use of irrigation (Yes) 252 (44)

Number of different types of

livestock kept (#)

3.5 (1.7) Households with at least one of the main crops infested with pest (yes) 529 (92)

Exchange rate in March 2019 was on average 100.25 Kenya Shillings to 1 United States Dollar.

Table 5 shows the general classification based onWFP (World
Food Programme) and Food and Nutrition Technical Assistance
Project (FANTA) guidelines. HDDS, which provides an estimate
of food security based on dietary diversity, classified 99.5% of
the households as food secure. Main staples, vegetables and oils
were all on average consumed over 7 times a week. Household
consumed milk and sugar each on average 6 times a week. Meat,
fish, eggs and fruits were less frequent (average of 3 times a week
each), and the least frequently consumed food group were pulses
(2 times a week). The measure of weighted food dietary diversity
represented by FCS showed a similar trend, as 99.3 % had an
acceptable consumption score.

Regarding MAHFP, 68% of the households had between
10 and 12 months of adequate provisioning indicating a high

food security. Fourteen percent were mildly food insecure with
adequate food for 7–9months, 6%weremoderately food insecure
with adequate food for 4–6 months while 12% of the households
were severely food insecure with adequate food less than 3
months a year.

The CSI shows a different picture. It classified only 34% of the
households as food secure. Out of the various coping strategies
used by households, purchasing food on credit was the most
common strategy used by 54% of the households, followed by
reliance on less preferred and less expensive foods (40%), and
limiting meal portions (35%). Sending members to beg (0.3%)
or to eat elsewhere (0.8%) or not sending children to school
some days (1.3%) were less common coping strategies in the area.
According to the HFIAS score, 48% of the households were food
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TABLE 4 | Spearman’s correlation coefficients between food security indicators (*statistically significance at 0.05 threshold).

FCs HDDS MAHFP CSI HFIAS FSI

FCs 1.000

HDDS 0.672* 1.000

MAHFP 0.046 0.175* 1.000

CSI −0.338* −0.318* −0.204* 1.000

HFIAS 0.147* 0.193* 0.418* −0.351* 1.000

FSI 0.649* 0.703* 0.562* −0.596* −0.663* 1.000

TABLE 5 | Food security classification of households based on the five food

security indicators and the food security index.

Food security

indicators

International

classification

Number of households

(percentage)

Food Consumption Score

(FCS)

Acceptable (> 35),

Borderline(21.5–35),

Poor (0–21)

573 (99.3)

4 (0.7)

0.00

Household Dietary

Diversity Score (HDDS)

High (≥6),

Medium (4 and 5),

Low (≤3)

574 (99.5)

2 (0.3)

1 (0.2)

Months of Adequate

Household Food

Provisioning (MAHFP)

Very high (10–12)

High (7–9)

Medium (4–6)

Low (0–3)

392 (68)

77 (14)

38 (6)

70 (12)

Coping Strategy Index

(CSI)

Low (0–2),

Mild (3–12),

High (>12)

194 (34)

131 (23)

252 (43)

Household Food

Insecurity Access Scale

(HFIAS)

Food secure,

Mildly food insecure,

Moderately food

insecure,

Severely food insecure

277 (48)

282 (49)

18 (3)

0

Composite Food Security

Index (FSI)

Food secure

Food insecure

184 (32)

393 (68)

secure, 49% were mildly food insecure, 3% were moderately food
insecure and none of the households was severely food insecure.

The results show that HDDS and FCS revealed less food
insecurity than MAHFP, CSI, and HFIAS based on food
quality, food quantity, and food accessibility (Table 5). These
discrepancies result due to the thresholds levels and the diversity
of assessment questions. We used the international thresholds to
check all households that were able to meet all the food security
dimensions. According to the thresholds, 32% of the households
were food secure by all the indicators and 68% failed to meet all
the required dimensions of food security and thus we considered
them food insecure. Among the food insecure households, 37%
were food secure by four indicators, 38% were food secure by
three indicators, 23% were food secure by two indicators and 1%
was food secure by one indicator.

Livelihood Related Determinants of Food
Security Based on the Composite FSI
Table 6 presents the results of the linear regression based on the
various independent variables influencing the composite FSI in
the area. A significant regression equation was identified [F(18,558)

= 9.19, P-value associated to the F-test (0.0000), with R2 of
0.2428. The comparison of effect based on the standardized
coefficients show that, number of productive hand tools, followed
by off-farm income, consumption of self-produced food, type of
agro-ecological zone, farm income and lastly number of main
crops infested with pest had a significant effect on household
composite FSI. All these independent variables had a positive
effect on composite FSI, except pest infestation (see Figure 2).

DISCUSSION

Our assessment of food security using different indicators
classified households differently. Some households were food
secure by some indicators, and food insecure by other
indicators. This makes it difficult to determine the overall
food security status of a household, and can lead to dramatic
misinterpretations for policy makers. Fortunately, based on
the theory behind food security, and the set of international
thresholds for each food security indicator, it is possible to classify
households (depending on whether a household has met the all
the food security thresholds or not) in order to evaluate the
overall household food security status. Additionally, to account
for the drivers of food security, we see that the composite food
security index that we applied was able to capture the most
documented significant drivers of food security and insecurity.
The dimensions of food security captured in the composite index
are reflected in the choice of indicators.

Farm and off-farm income had a positive significant
relationship with FSI. However, off-farm income had the
strongest significant influence on the household composite FSI
compared to farm income. Our results indicate that, as household
income increases either from farm or off the farm, it tends to have
a positive impact on overall household food security. In other
words, households with higher household income are more likely
to be food secure than households with lower income. Similar
findings were reported by Barrett et al. (2001), Silvestri et al.
(2015), and Tefera and Tefera (2014). Income is vital to provide
a household with physical access to food through purchasing.
Hardly do households produce throughout the year all the food
needed to satisfy their dietary needs. Therefore, households can
meet a possible production deficit through purchasing food. In
other instances, households purchase food as a coping strategy
when faced with crop failure.

Consumption of self-produced food was also among the most

significant factors influencing food security in the study area.
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TABLE 6 | Linear regression model with composite FSI using the robust option that take account the heterogeneity showing coefficient estimates of each explanatory

variable of food security.

Predictor variables Unstandardized

Coefficient

Standardized

coefficient (Beta)

Standard error t value P>|t| [95% Confidence Interval]

Intercept −2.023 0.717 −2.820 0.005 −3.431 −0.615

Education level of household head

(levels: 0–3) in reference to

post-secondary education

No formal education −0.107 −0.009 0.693 −0.150 0.877 −1.469 1.255

Primary level −0.399 −0.063 0.399 −1.000 0.318 −1.182 0.384

Secondary level 0.119 0.017 0.405 0.290 0.769 −0.676 0.913

Household size (# min = 1, max = 20) −0.155 −0.096 0.088 −1.760 0.079 −0.327 0.018

Total annual household farm income (in

thousands of KSh: min = 0, max =

1968)

0.003 0.123 0.001 3.220 0.001*** 0.001 0.004

Total annual household off-farm income

(in thousands of KSh: min = 0, max =

1488)

0.004 0.199 0.001 4.600 0.000*** 0.002 0.006

Engagement in wage labor in LAIs

(Dummy)

−0.163 −0.012 0.568 −0.290 0.775 −1.278 0.953

Sub-contract farming for LAIs (Dummy) 0.350 0.036 0.375 0.930 0.352 −0.388 1.087

Agro-ecological zone (levels: 1–3) in

reference to humid zone

Semi-humid 0.907 0.134 0.364 2.490 0.013** 0.192 1.621

Semi-arid 0.885 0.132 0.350 2.530 0.012** 0.197 1.573

Size of accessible land (Ha: min = 0,

max = 48)

−0.017 −0.023 0.034 −0.490 0.623 −0.083 0.050

Size of cultivated land (Ha: min = 0,

max = 16.5)

−0.040 −0.022 0.089 −0.450 0.652 −0.215 0.134

Use of irrigation (Dummy) 0.214 0.033 0.297 0.720 0.473 −0.371 0.798

Number of different types of livestock

kept (#: min = 0, max = 9)

0.140 0.078 0.076 1.840 0.066 −0.010 0.289

Self-produced food as a percentage of

food consumed (%: min = 0, max =

100)

0.024 0.186 0.005 4.680 0.000*** 0.014 0.034

Number of different types of crops

grown (#: min = 0, max = 16)

−0.049 −0.037 0.051 −0.950 0.343 −0.150 0.052

Number of crops infested by pest

(#1–4)

−0.242 −0.088 0.118 −2.050 0.040** −0.474 −0.011

Number of productive hand tools (#:

min=0, max=59)

0.095 0.246 0.020 4.780 0.000*** 0.056 0.134

Level of significance; ***p < 0.01, **p < 0.05.

Generally, households in this area consume a sizeable part of

what they produce because it is readily available, accessible

and culturally acceptable. Higher food production increases the
probability of a household being food secure (Abu and Soom,

2016). Due to rising food prices, households with less income
have difficulties to purchase enough food, hence they tend to
rely more on own food production in order to reduce their
vulnerability to food insecurity.

The type of agro-ecological zone had a significant influence
on household food security. Contrary to our expectations,
households in humid agro-ecological zone were more food
insecure compared to households in less humid agro-ecological
zones. Most of the households in the area are mixed smallholder
farmers and agriculture is their main source of livelihood.
Unfortunately, productive areas tend to become less productive
due to climate change, with disrupted growing seasons, increased

pest infestation, soil degradation and reduced agricultural
potential, hence constraining households adaptive capacity that
make them vulnerable to food insecurity (Ifejika Speranza, 2013;
Connolly-Boutin and Smit, 2016; Kala et al., 2018).

Pest infestation had a negative influence on households’

food security. Pest infestation can decrease agricultural yields,
leading to reduced food for consumption and farm income.

Additionally, households may spend too much of their income
on efforts to control pest, hence affecting expenditure on other
basic needs such as food. This makes households vulnerable to
food insecurity and to highly hazardous pesticides (Ottiger et al.,
2018).

Additionally, the study found that the number of productive
hand tools (such as garden fork, spade, knapsack) has a
significant positive influence on households’ food security. Own
observations and interviews made during fieldwork found that
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FIGURE 2 | Marginal plots showing the relationship between the significant variables and the household composite food security index. The gray shaded area on

each plot represent the confidence interval.

these tools were generally available, affordable, make farm
activities easier, are usually light and can be used without the
help of animals or machines. Ownership of these basic farm tools
lead to intensive crop production (even on small farms) and
contribute to the viability of the farm by enhancing output. They
are necessary for plant propagation, soil preparation, planting,
pest and weed control, irrigation and harvesting. According to
the findings of Ifejika Speranza et al. (2008) appropriate hand

tools and implements are key determinants in the adoption of soil
and water conservation methods that can increase food security.

Finally, our results show that the engagement in LAI as either
wage laborer or contract farmer does not directly influence food
security. It is difficult to say if this lack of influence is due to a
lack of effect or a compensated effect on critical households being
previously food insecure. In any case, the very small proportion
of farmers working in LAI, especially for wage labor, confirms
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the idea that LAI is relying on in-migration for labor rather
than the established farmers of the area (Ulrich, 2014). Our
qualitative interviews suggest that established farmers in the
area enroll in LAI during the periods of food shortage due to
low rainfall resulting in crop failure. LAI represent therefore
a possible coping strategy, although it does not necessarily
imply a significant effect on household food security. We
argue that there is a relative lack of connection between the
local and international food systems represented by LAI. Other
researchers have shown that working on these farms diverts
human labor from smallholder farms to large farms, making
smallholder farmers abandon food production, and also resulting
in post-employment health complications due to exposure to
agrochemicals (Ehlert et al., 2014). Other studies conducted in
the same area (e.g., Zaehringer et al., 2018) found that some
households in the area were favoring the presence of the large
farming companies. According to our qualitative observations, a
rather positive perception toward LAI is related to assumptions
that LAI represent potential access to off-farm income in case
of need, extension services, and support to local educational
infrastructure resulting from public-private partnerships.

CONCLUSION

In conclusion, our composite FSI provides a guide on how
to combine the conventional food security indicators at the
household level in order to identify the most important
livelihood-related determinants of food security. The assessment
of drivers of food security corroborate with the common
livelihoods and food security literature that indicates households’
endowment such as size of cultivated land and other natural
capital (such as irrigation water and size of land) are not
necessarily the core determinant of food security. Instead, other
entitled capabilities and assets such as incomes (on-farm and
off-farm) and the ownership of hand tools used to intensify
agricultural production are rather most important drivers of food
security. Pest infestation is a major hindrance in the achievement
of food security in the study area. There is a need to advocate
for integrated and organic pest management. One way to control
pest is by incorporating agro-ecological practices such as the
use of pest repellant plants and/or combinations of indigenous
technical knowledge with modern technologies. Policy makers
need to provide support and resources to scientists and other key
stakeholders for the documentation and promotion of effective
methods for controlling pest and diseases, as well as create
awareness about such methods. Moreover, there is a need to
improve sustainable agriculture practices with appropriate hand
tools for increased production, and improve value chains to
increase farm income. Households should have access to diverse
sources of income.

This research focused on general livelihood-related drivers
of food security in the study area. Research studies should test
the composite FSI in other areas using similar indicators or
together with other indicators not included in this study such
as Household Hunger Scale, Self-assessed food security. There is
also a need to base future studies on the additional food security

dimensions to the FAO food security concept, as proposed
by Rocha (2007, 2008) which are; acceptability, adequacy and
agency, linked to the concept of food sovereignty, to ensure
sustainable and equitable food security among the households.
Comparison between a population of LAI wage workers and local
smallholder farms on the question of food security could be an
interesting further application of the FSI index.
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