
 
 

 

 
Land 2021, 10, 323. https://doi.org/10.3390/land10030323 www.mdpi.com/journal/land 

Article 

Evaluating the Impact of Large-Scale Agricultural Investments 
on Household Food Security Using an Endogenous Switching 
Regression Model 
Wegayehu Fitawek and Sheryl L. Hendriks * 

Department of Agricultural Economics, Extension and Rural Development, University of Pretoria,  
Pretoria 0028, South Africa; wegayehu.fitawek@tuks.co.za 
* Correspondence: sheryl.hendriks@up.ac.za 

Abstract: This study set out to estimate the effects of large-scale agricultural investments (LSAIs) 
on household food security in one community each in Kenya, Madagascar and Mozambique. An 
endogenous switching regression model was adopted to control for a possible selection bias due to 
unobserved factors. It was found that households with members employed by large-scale agricul-
tural investment companies were more likely larger households headed by younger migrant males 
holding smaller plots and fewer livestock than non-engaged households. The endogenous switch-
ing regression results confirmed the presence of both a positive and negative selection bias. In 
general, the results showed that households with a member employed by an LSAI enjoyed better 
household food security, higher dietary diversity, better food consumption scores and more ade-
quate household food provisioning. Households without employed members could also enjoy 
these benefits should the LSAIs employ their members. However, the seasonal nature and low 
wages paid by LSAI may only support the purchase of food and not facilitate savings and invest-
ments to significantly improve food security. 

Keywords: large-scale agricultural investments; food security; endogenous switching regression; 
dietary diversity score; food consumption score 
 

1. Introduction 
The acquisition of large-scale agricultural land has increased since the global food 

and fuel price crisis of 2007/2008 [1]. Developed countries such as Europe and the United 
States of America have sought to acquire land in developing countries to produce cash 
crop and biofuels [2]. Countries with large populations and food security concerns such 
as China, South Korea and India have sought opportunities to balance domestic produc-
tion risks and diversify food sources by producing food abroad [3]. Countries that have a 
shortage of agricultural land, such as the Gulf states are also looking for land elsewhere 
to produce food to fill their consumption needs [4]. These investments often focus on 
developing countries where land and water are abundant and production costs are lower 
[5]. 

Africa is the leading targeted continent for large-scale land acquisitions in the global 
south [4]. In most Sub-Saharan African countries, the purposes of land acquisitions are 
for producing food crop, biofuel, fiber crops and flower for export [6,7]. Studies identi-
fied the main drivers of LSAI such as food security initiatives, fuel security, climate 
change mitigation strategies, week land tenure system and contemporary needs for new 
areas of investment of global capital. Land acquisitions in these three countries (Kenya, 
Madagascar and Mozambique) have been increasing following the 2007/2008 global cri-
sis [4]. 

There are two arguments on the impact of large-scale agricultural investment. Some 
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researchers are concerned that large-scale agricultural investments could have adverse 
effects on the food security of local communities [6–11]. Others point out that such ac-
quisitions could have positive spillover effects for local communities [12–18]. Employ-
ment by large companies may provide income and food security for subsistence agri-
culture households [12,19–21]. However, some studies have found that large-scale agri-
cultural investments could bring mixed blessings [22–34]. Large-scale agricultural in-
vestments create job opportunity, improved infrastructure (including roads), increase 
production and access to farm inputs and technologies may have positive implications 
for development and food security [14–18]. However, negative social, economic and en-
vironmental impacts may negatively affect the livelihoods and health of the communities 
[7–10]. 

The impact of LSAIs is controversial among researchers, international agencies and 
activists [8]. Despite this interest, few attempts have investigated the impact of 
large-scale investments on the food security of households in developing countries Most 
available studies have focused on the impact of large-scale agricultural investments on 
household income [6,22]; production and productivity [13,23]; livelihoods of the house-
holds [6], land tenure and governance [22,23] and environmental aspects [6,13,29,30] ra-
ther than food security. 

Available studies on the impact of land acquisition on households food security in 
Kenya, Madagascar and Mozambique have mainly used descriptive analysis and single 
measures of food security [6,10,21,23,27,35–37] (see Table 1). Most findings from these 
studies show that LSAIs created job opportunities, built infrastructure and enabled ac-
cess to farm inputs and new technologies. Other studies show that LSAIs have had neg-
ative socio-economic and environmental impacts on communities such as conflict, mi-
gration, air and water pollution and reduced land and water access for smallholder 
farmers [6,13,23,29,30]. Table 1 presents a summary of relevant case studies that have 
examined the impact of large-scale agricultural investments in these three countries from 
the focus of this paper. 

Table 1. Overview of case studies on LSAIs conducted in the study areas. 

Purpose of the Study Country Method Impacts Source 

The political economy of large-scale agricul-
tural land acquisitions: Implications for food 
security and livelihoods in rural Mozambique 

Mozambique Descriptive analysis 

The study stated that 
large-scale agricultural in-
vestment projects in the study 
areas built infrastructure and 
generated employment, but 
led to significant conflict and 
negative social, economic and 
environmental degradation. 

Aabø and Kring, 
2012 [6] 

Large-scale plantation and contract farming 
effects: qualitative and quantitative assess-
ment in Madagascar 

Madagascar 
Qualitative and quan-

titative assessment 
methods 

The authors reported that 
large-scale plantations wors-
ened poverty because the 
company paid low wages. 
The employment did not 
contribute significantly to the 
resilience efforts of house-
holds that lost their land. The 
company had a positive im-
pact on contract farming by 
the remuneration of family 
labour, access to farm inputs 
and fewer land losses. 

Burnod et al., 
2015 [22] 
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An analysis of investment trends, business 
models and social and environmental impact 
conduct in Mozambique 

Mozambique Descriptive analysis 

The paper’s findings showed 
that most of the investments 
in Mozambique targeted do-
mestic food markets, which 
increased productivity and 
national food security. How-
ever, social and environmen-
tal land use conflicts rarely 
occurred. 

Di Matteo and 
Schoneveld, 2016 

[13] 

The effect of large-scale agricultural invest-
ments on household food security in Mada-
gascar 

Madagascar 
Qualitative and quan-

titative methods 

The paper presented em-
ployed households were 
more food secure than other 
households. While contract 
farming households were 
more food insecure than other 
households, but higher diet 
diversity than employed. 

Fitawek et al., 
2020 [35] 

Food security and land governance factsheet 
Kenya 

Kenya Review of literature 

The researchers found that 
land rental markets were the 
most important means avail-
able to smallholder farmers to 
access additional land for 
cultivation and improved 
household food security. 
However, large-scale agri-
cultural investments in bio-
fuel production and the leas-
ing out of agricultural land 
for export production affected 
local food production. 

Garcia et al., 2015 
[23] 

Large agricultural investments in Kenya’s 
Nanyuki Area: Inventory and analysis of 
business models 

Kenya 
Both qualitative and 

quantitative ap-
proaches 

The study showed that most 
of the recent investments took 
place relatively smaller land 
areas, unlike the large-scale 
land deals that often harm 
local communities. However, 
access to water is a highly 
relevant concern in the study 
area. 

Giger et al., 2020 
[38] 

Land and agricultural commercialisation in 
Meru County, Kenya: evidence from three 
models 

Kenya 
Mixed-methods ap-

proach 

They found both winners and 
losers in the three models. 
This was because the agrarian 
setting was undergoing 
change and influenced by 
both local and external fac-
tors; due to government poli-
cies and international export 
commodity prices. 

Hakizimana et 
al., 2017 [24] 

Livelihoods and food security among rural 
households in the North-Western Mount 
Kenya Region 

Kenya 
Qualitative and quan-

titative assessment 
methods 

They found participation in 
large-scale agricultural in-
vestments (as wage workers 
or sub-contract farmers) did 
not significantly influence 
food security. 

Mutea et al., 2019 
[27] 
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How do large-scale agricultural investments 
affect land use and the environment on the 
western slopes of Mount Kenya? Empirical 
evidence based on small-scale farmers’ per-
ceptions and remote sensing 

Kenya 
Qualitative and quan-

titative assessment 
methods 

This study found that that 
LSAIs had both positive and 
negative impacts. Positive 
spillovers from LSAIs onto 
small-scale farmers’ land in 
the form of agricultural 
technologies and job oppor-
tunities. However, LSAIs 
have other environmental 
impacts, such as air and water 
pollution and decrease water 
availability for smallholder 
farmers. 

Zaehringer et al., 
2018a [29] 

Large-scale agricultural investments trigger 
direct and indirect land-use change: New 
evidence from the Nacala corridor, Mozam-
bique 

Mozambique 
Qualitative and quan-

titative assessment 
methods 

The authors stated that 
large-scale agricultural in-
vestments had both positive 
and negative effects. Howev-
er, the positive spillover ef-
fects could not compensate 
for the negative impacts. 

Zaehringer et al., 
2018b [30] 

This paper explores the food security impacts of large-scale agricultural investments 
(LSAIs) in communities in Kenya, Madagascar and Mozambique. It adds to the limited 
empirical information on these impacts on food security. 

2. Methodology 
This study used secondary data from Kenya, Madagascar and Mozambique, col-

lected by African Food, Agriculture, Land and Natural Resource Dynamics in the Con-
text of Global Agro-food-energy System Changes (AFGROLAND) project. This section 
provides detailed information on the descriptions of the study areas, data collected, and 
data analysis methods. 

2.1. Description of the Study Areas 
The agriculture sector in these three countries is dominated by smallholder produc-

tion (78 percent of the total agricultural production comes from smallholder sector in 
Kenya, 70 percent in Madagascar and 95 percent in Mozambique) [39]. Agriculture in 
Kenya contributes to 25 percent of gross domestic product (GDP), 65 percent of exports 
and employs 60 percent of the total labor force. In Madagascar, agriculture contributes to 
17 percent of gross domestic product, 40 percent of export earnings and 60 percent of the 
total labor force and in Mozambique 24 percent of gross domestic product and 80 percent 
of the total labor force. While almost 80 percent of Kenya’s farming activities accom-
plished by women compared to 35 percent in Mozambique and very few in Madagascar. 
According to World Bank 2019 report, Kenya has the higher GDP per capital 1816 USD 
followed by Madagascar 523 and Mozambique 503 USD. 

Only a few households in the three countries have certified land (land-titled) alt-
hough the land tenure systems are significantly different in the three countries [40–42]. 
Most land in Kenya is under customary land tenure system and only 10 percent of land 
owned by the state. In Madagascar, land can be owned by the state, individuals or 
groups, individuals can register and get a land title from land administration system, but 
only seven percent of Madagascar’s land is titled. While, in Mozambique land and its 
associated resources are the property of the State, individuals have the right to use and 
benefit from the land known as Direito do Uso e Aproveitamento da Terra (DUAT). 
Kenya has a well-integrated economy with a comparatively mature commercial agricul-
ture sector compared to Madagascar and Mozambique [42]. Agricultural land out of the 
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total land was 48 percent in Kenya, 63 percent in Mozambique and 71 percent of the is-
land in Madagascar. Since 2009, Mozambique has been hosting to more LSAIs than 
Kenya and Madagascar [4]. As of September 2020, the Land Matrix database recorded 
concluded deals in Kenya, covering 550,270 ha, compared to 1,366,677 ha in Madagascar 
and 2,992,821 ha in Mozambique [43]. 

Crops and livestock production vary across the three countries. Maize, potatoes and 
wheat are the main crops cultivated in Kenya; rice and cassava are the most common 
crops in Madagascar and maize, sorghum and beans in Mozambique [42]. In Kenya and 
Madagascar, cattle production is more dominant among smallholder farmers, while in 
Mozambique poultry is more common. According to the Global Hunger Index (GHI) 
2019 report, the three countries have low Global Hunger Index scores [44]. Relatively, 
Kenya had better GHI (ranked 86th out of 117 countries) than Madagascar and Mozam-
bique (ranked 114th and 96th, respectively). 

2.2. Site and Sample Selection 
The AFGROLAND project selected the three countries (Kenya, Madagascar and 

Mozambique for two reasons. The main reason was these three countries were among the 
top destination of LSAIs in Africa and available studies on the impact of land acquisition 
on households food security in Kenya, Madagascar and Mozambique have mainly used 
descriptive analysis and single measures of food security compared to other targeted 
African countries such as Ethiopia. In each country, LSAI projects were purposively se-
lected in the Nanyuki area from Kenya; Satrokala and Ambatofinandrahana from Mad-
agascar and the Nacala Corridor of Mozambique (Monapo and Gurué districts) as shown 
in the figure below (Figure 1) [45–47]. The AFGROLAND project team selected these 
cases for the following reasons: (1) the level of development of the companies (most of 
the companies were 10–20 years old); (2) the area cultivated (i.e., greater than 200 ha, only 
two LSAI companies in Kenya were less than 200 ha); (3) the number of households po-
tentially affected (through contracts, jobs or land losses); and (4) the willingness of the 
large company to work with the researchers. 

 
Figure 1. Study areas in the three countries. “Reprinted with permission from Reys [45–47]. 2021, 
Aurélien Reys.” 
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2.3. Data and Variables 
The data were collected using semi-structured questionnaires in Mozambique in 

2016 and Kenya and Madagascar in 2017 [45–47]. Detailed information on household 
demographic characteristics, food and non-food expenditure and food security data were 
collected using a survey. The analysis was done from a total sample of 1296 households 
(i.e., three countries) as shown in the table below (Table 2). 

Table 2. Sample size. 

Country Number of Households Interviewed Employed 
Households 

Non-Engaged 
Households 

Kenya 488 46 442 
Madagascar 304 61 243 
Mozambique 504 121 383 
Total sample 1296 228 1068 

Households were classified as employed where at least one member was employed 
by an LSAI and non-engaged where the companies did not employ members. A binary 
variable (1 for employed and 0 for non-engaged) was used for this classification. Variable 
names, description and expected sign are presented in the table below (Table 3). 

Table 3. Variable names, definitions and expected sign. 

Variable Description Expected 
Sign 

Sex of the household head If the sex of the household head male = 1, 0 for female + 
Age of the respondent Age of the respondent (years) − 
Household size Family size of the household + 
Education status of the 
household head 

If the household head no schooling = 0, primary = 1, 
secondary = 2 & college/univ. = 3) 

+ 

Marital status of the house-
hold head 

Coded 1 if the household head married, otherwise 0 − 

Livestock holding Livestock holdings in tropical livestock unit (TLU) − 
Land size Land size (hectares) − 

Distance to market 
Coded 1 if <30 min; 2 if the distance 30 min–1 h and 3 if 
the distance > 1 h 

+/− 

Distance to road 
Coded 1 if <30 min; 2 if the distance 30 min–1 h and 3 if 
the distance > 1 h 

+/− 

Migration status of the 
household head 

Coded 1 if the household is non-migrant and 0 if mi-
grant 

− 

Access to irrigation 
Coded 1 if the household had access to irrigation, 0 
otherwise 

+/− 

Households that lost their 
land rights 

Coded 1 if the household lost their land rights, 0 oth-
erwise 

+ 

Access to other sources of 
revenue 

Coded 1 if the household have access to other sources 
of revenue, 0 otherwise 

− 

Access to new technology 
Coded 1 if the household have access to new technolo-
gy, 0 otherwise 

+ 

Land tenure system Coded 1 if it is customary; 2 informal and 3 for others +/− 

Location_dummy 
Coded 1 if the household located in factual areas, 0 
otherwise 

+ 

Outcome variables   
Household dietary diversity 
scores (HDDS) 

Household dietary diversity scores  

Food consumption scores 
(FCS) 

Food consumption scores  
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Months of adequate house-
hold food provisioning 
(MAHFP) 

Months of adequate household food provisioning  

Household food expenditure 
share 

Food expenditure share  

2.4. Measuring Household Food Security 
Household food security was measured using four different food security indica-

tors: the household dietary diversity score (HDDS), food consumption score (FCS), the 
months of adequate household food provisioning (MAHFP) and food expenditure share. 
These internationally recognised tools and their recall periods are summarised in the ta-
ble below (Table 4). 

Table 4. Food security indicators used in the analysis. 

Indicator Recall Period Descriptions 
Household Dietary 

Diversity Score 
(HDDS) 

24-h 
HDDS is a measure of diet quality and quantity, capturing the number of 
food groups consumed in the last 24 h [48–52]. The HDDS is typically sig-
nificantly correlated with caloric adequacy measures [50,51]. 

Food Consumption 
Score (FCS) 7-days 

The FCS is a composite score that considers dietary diversity, food fre-
quency and the relative nutritional importance of food groups [53,54]. The 
FCS is the sum of the frequency of consumption of food groups during the 
previous seven days and then weighted by a coefficient [50]. 

Months of Adequate 
Household Food Pro-
visioning (MAHFP) 

12-months 
The MAHFP measures household food access and availability above the 
minimal level of the year. The indicator is the sum of the months of ade-
quate provision [55–57]. 

Food expenditure 
share 

30-days 
(1-month) 

The share of total household expenditure spent on food was used as a 
proxy for income and was calculated by dividing the total food expendi-
ture by the total household expenditure [58–60]. 

2.5. Analytical Framework 
This study employed an endogenous switching regression model to examine the 

impact of large-scale agricultural investments on food security. The endogenous 
switching regression model was developed by Lee in 1982 [61], as a generalisation of 
Heckman’s selection correction approach [62]. An endogenous switching regression 
model accounts for the selection bias that may have occurred due to self-selection of 
employed households [63–65]. Selection bias could also arise from unobserved factors 
that potentially affect participation in employment in LSAIs. 

An endogenous switching regression consists of two stages [65–69]. In the first stage, 
a probit model was used to identify the socio-economic factors that determined house-
hold employment in LSAIs. We estimated the selection equation as follows [70]: 

* Qi i iZ a= + γ + ε  (1)

where Zi* was a binary variable takes the value 1 if the household was engaged in em-
ployment and 0 otherwise; a was an intercept; Qi was a vector of exogenous variables in-
fluencing the participation decision; γ was a vector of coefficient and εi was the disturb-
ance term with zero mean and a constant variance. 

In the second stage of the endogenous switching regression model, a full infor-
mation maximum likelihood (FIML) model was used to account for potential selection 
bias. The binary outcomes (the food security status of the households) conditional on 
being employed in LSAIs were represented as switching regimes as follows: 

Regime 1: 1 1 1 1 1 1i i i iY X uε= β + σ λ +  if Ai = 1 for employed households (2) 
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Regime 2: 2 2 2 2 2i i i iY X u2ε= β + σ λ +  if Ai = 0 for non-engaged households (3) 

where Yi represented the outcomes variables (food security indicators) of household i for 
each regime (1 = for employed and 0 = non-engaged); Xi was a vector of determinant 
variables that affect household food security status. The variables in vectors X in Equa-
tions (2) and (3) may overlap with Q in Equation (1), but the approach requires that at 
least one variable in Q that does not appear in X. β and σ were parameters to be esti-
mated, and u1i and u2i were independently and identically distributed error terms of the 
food security estimation equation. The Inverse Mills Ratio (IMR) of participation com-
puted from the selection Equation (1) by included in Equations (2) and (3) to correct for 
selection bias in two-step estimation procedure (i.e., endogenous switching regression) as 

1
( )

)
i

i
i

Zφ α
λ =

Φ(Ζ α
 and 2

( )
)

i
i

i

Zφ α
λ =

1− Φ(Ζ α
.  

Non-zero covariance between the error terms of the selection equation and the out-
come equation that showed the presence of selection bias and the null hypothesis of the 
absence of a selection bias would be rejected. 

The three error terms ε, uli and u2i are assumed to follow a trivariate normal distri-
bution with zero mean vector and covariance matrix [62] defined as: 

2
1 1 2 1 1

2
1 2 2 2 1

2
1 1 2 2

e

e

e e ε

 σ       σ σ      ρ σ
 

Ω = σ σ     σ        ρ σ 
 ρ σ     ρ σ      σ 

 (4)

The covariance between the error terms of the selection equation and outcome 
equation was denoted by (cov (ε, u) = ρ). Where ρ1e and ρ2e were the correlation coeffi-
cients between u1i and εi and between u2i and εi respectively. If ether ρ1e or ρ2e was sig-
nificantly different from zero, the existence of selection bias would be confirmed. If ρ > 0, 
then there was negative selection bias, indicating that households that had be-
low-average HDDS, FCS, MAHFP and household food expenditure shares were more 
likely to be employed in LSAIs. If ρ < 0, a positive selection bias would indicate that 
households with above-average HDDS, FCS, MAHFP and household food expenditure 
shares would more likely be employed in LSAIs. 

Access to new technology and the land tenure system were used as instrumental 
variables in the selection model to address the endogeneity problem [70,71]. These af-
fected household participation in employment but did not directly affect the food secu-
rity status of the households. We selected the access to new technology as an instrument 
because some households may have decided to be employed in an LSAI to gain access to 
new technologies such as improved seeds, storage facilities, marketing facilities, pesti-
cides and different types of machinery. The land tenure system may have affected 
household decision to participate in employment, mostly if the households were under 
customary and informal land tenure systems. Customary landholding lacked security of 
tenure to ensure agricultural investment and productive use of land. Customary laws are 
mostly not written or documented. The community leader or the chief’s can easily deal 
with investors without consulting the community [1,5]. Therefore, the probability of 
households losing their land rights and participating in employment may have been 
higher under customary tenure system than land-titled households. 

This paper’s main interest was to estimate the average treatment effects, the change 
in the outcomes due to employed in an LSAI estimated as the difference between em-
ployed and non-engaged. The average treatment effect was represented by Yi (HDD, 
FCS, MAHFP and food expenditure share) as shown in Equations (5)–(8). The equations 
for the expected conditional and average treatment effects of employed and non-engaged 
groups were given as: 

The equation for employment in an LSAI 
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1 1 1 1 1 1 1[ / , 1]i i i i iE Y X A X ε= = α + β + ρ σ λ  (5)

The equation for employed, they decided to not to employ by large-scale agricul-
tural investment: 

2 2 2 2 2 2[ / , 1]i i i i iE Y X A X 2ε= = α + β + ρ σ λ  (6)

The equation for non-engaged, they decided to engage in large-scale agricultural 
investment: 

1 1 1 1 1 1 1[ / , 0]i i i i iE Y X A X ε= = α + β + ρ σ λ  (7)

The equation for non-engaged, which did not employ by large-scale agricultural 
investment: 

2 2 2 2 2 2[ / , 0]i i i i iE Y X A X 2ε= = α + β + ρ σ λ  (8)

We calculated the heterogeneity effects using the expected outcomes described in 
Equations (5) to (8). The base heterogeneity for employed households (BH1) was calcu-
lated as the difference between Equations (5) and (7), while base heterogeneity for 
non-engaged households (BH2) was calculated as the difference between Equations (6) 
and (8). Finally, we were estimated the transitional heterogeneity (TH) (ATT-ATU) to 
understand if the impact of participation in LSAIs was larger or smaller for households 
that had members employed by LSAI (Table 5). Therefore, the expected change in the 
level of food security for employed households (the average treatment effect of treated 
households or ATT was given as: 

ATT = (a) − (b) 

= 1 2[ / , 1] [ / , 1]i i i iE Y X A E Y X A= − =  (9) 

= 1 1 2 1 1( ) ( )i iX ε 2εβ − β + λ σ − σ  (10)

Similarly, we estimated the expected change on non-engaged households as, the 
average treatment effect on the untreated households (ATU) given as: 

ATU = (c) − (d) 

= 1 2[ / , 0] [ / , 0]i i i iE Y X A E Y X A= − =  (11)

= 2 1 2 2 1( ) ( )i iX ε 2εβ − β + λ σ − σ  (12)

Table 5. Conditional expectations, treatment, and heterogeneous effect. 

Sub-Samples 
Decision Stage 

Treatment 
Effects To Employed Not to Employed 

(Non-Engaged) 
Employed households (a) E(Y1i/Ai = 1) (b) E(Y2i/Ai = 1) ATT 

Non-engaged households (c) E(Y1i/Ai = 0) (d) E(Y2i/Ai = 0) ATU 
Heterogeneous effects BH1 BH2 TH 

Note: (a) and (d) are observed outcomes; (b) and (c) are the hypothetical unobserved outcomes 
(expected situations). Ai = 1 if households employed by LSAI; Ai = 0 if households non-engaged 
with LSAI. Y1i & Y2i: food security indicators (HDDS, FCS, MAHFP and food exp. share) of em-
ployed and non-engaged. ATT & ATU: average treatment effect on treated and untreated. BHi: is 
the effect of base heterogeneity for households that employed (A = 1) and did non-engaged (A = 0). 
TH: Transitional heterogeneity = ATT–ATU. 
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3. Results and Discussion 
This section presents and discusses the findings of the study in two sub-sections. 

The descriptive results are presented in the first sub-section, followed by the endogenous 
switching regression results in the second sub-section. 

3.1. Descriptive Results 
The descriptive statistics of the surveyed households and the explanatory variables 

that determined household participation in LSAIs are presented in Table 6. The mean 
comparison test provided an overview of the food security status of employed and 
non-engaged households. The mean values of HDDS, FCS, MAHFP and household food 
expenditure share of employed members in Kenya were higher than for households in 
Madagascar and Mozambique. 

In all the three countries, households with employed members were male-headed. 
Overall, in Kenya and Mozambique, household size among households with employed 
members was higher than in Madagascar. In Madagascar, households in which LSAIs 
did not engage members owned more livestock. They had larger plot sizes than house-
holds with employed members and non-engaged households in Kenya and Mozam-
bique. The Kenyan households were on average, further from a market than households 
in Madagascar and Mozambique. Kenyan households with LSAIs employed members 
had better access to irrigation than non-engaged households in the same area. In Mada-
gascar, households with employed members were typically migrants from other villages. 
Overall, non-engaged households in Mozambique had greater access to other revenue 
sources than households with employed members and non-engaged households in the 
Kenyan and Madagascar sites. Mozambican households with members employed by 
LSAIs had lost their land rights than households with employed members and 
non-engaged households in Kenya and Madagascar (Table 6). 

3.2. Endogenous Switching Regression Results 
The first stage of the endogenous switching regression analysis (the selection model) 

estimated the household determinants with an employed member in an LSAI. Each 
country had different determinant factors. However, the distance from a market was a 
common determinant factor in the three countries. For instance, there were seven deter-
minant factors for employment in an LSAI in Kenya (sex, age and marital status of the 
household head, livestock ownership, land size, distance from a market and distance 
from a road). In Madagascar, four determinant factors for employment in an LSAI were 
livestock ownership, distance from a market, migration status of the household head and 
the location dummy. In Mozambique, five variables (education status of the household 
head, distance from a market, households that lost their land rights, access to other 
sources of revenue and location dummy) were determinant factors for employment in an 
LSAI (Table 7). 

The positive coefficient for the sex of the household head showed that the probabil-
ity of employment of a household member in an LSAI was higher for male-headed 
households. The negative coefficients for the age of the household head, livestock hold-
ings and land size indicated that older household heads with more livestock and larger 
land sizes were less likely to have a member employed in an LSAI. Households with 
larger land size may have chosen to continue farming rather than seek employment in an 
LSAI. Distance from a market was another determinant of employment in an LSAI. 
Households that were further away from a market were less likely to have a member 
employed by an LSAI (Table 7). 
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Table 6. Descriptive statistics of the samples. 

Variable 
Kenya  Madagascar  Mozambique  

Employed Non-Engaged Diff. Employed Non-Engaged Diff. Employed Non-Engaged Diff. 
Outcome variables 

HDDS 8.27 (0.22) 7.28 (0.06) 0.98 *** 4.95 (0.34) 5.54 (0.17) −0.59 6.20 (0.21) 5.99 (0.10) 0.21 
FCS 82.29 (2.57) 75.42 (0.79) 6.87 *** 48.19 (1.91) 53.59 (123) −5.41 ** 55.00 (1.15) 53.13 (0.72) 1.87 

MAHFP 10.35 (0.37) 9.93 (0.10) −0.41 9.54 (0.22) 9.47 (0.10) 0.07 10.31 (0.08) 9.98 (0.18) 0.34 ** 
Food exp. share 34.84 (2.76) 42.39 (1.13) −7.54 * 66.05 (2.73) 72.69 (1.49) −6.64 ** 77.85 (2.08) 83.41 (0.86) −5.56 *** 

Explanatory variables 
Sex of the household head 1.78 (0.06) 1.58 (0.02) 0.19 *** 0.99 (0.05) 0.85 (0.15) 0.14 1.94 (0.02) 1.87 (0.02) 0.08 ** 
Age of the household head 36.37 (2.11) 44.77 (0.94) −8.40 *** 39.13 (1.76) 41.37 (1.94) −1.94 40.12(1.21) 39.99 (0.75) 0.11 

Household size 4.51 (0.21) 4.07 (0.09) 0.44 4.84 (0.35) 6.12 (0.21) −1.28 *** 4.81 (0.18) 4.80 (0.10) 0.01 
Education status of the household 2.01 (0.03) 2.12 (0.09) −0.02 1.52 (0.15) 1.26 (0.06) 0.26 * 2.25 (0.07) 2.26 (0.04) −0.01 

Marital status of the hh head 1.26 (0.06) 1.35 (0.02) −0.08 1.26 (0.09) 1.16 (0.04) 0.11 1.08 (0.02) 1.15 (0.02) −0.07 ** 
Livestock holdings 4.96 (1.34) 2.57 (0.12) 2.39 *** 2.15 (1.36) 14.29 (3.16) −12.13 ** 0.09 (0.05) 0.10 (0.02) −0.02 

Land size 1.03 (0.14) 1.29 (0.07) −0.27 2.19 (0.91) 7.94 (1.63) −5.74 * 2.22 (0.44) 2.17 (0.11) 0.05 
Distance from a market 2.86 (0.07) 1.82 (0.04) 1.04 *** 1.18 (0.05) 2.04 (0.06) −0.87 *** 1.69 (0.06) 2.08 (0.04) −0.38 *** 

Distance from a road 2.39 (0.12) 1.66 (0.03) 0.72 *** 2.93 (0.05) 2.91 (0.02) 0.02 2.62 (0.07) 2.61(0.06) 0.01 
Migration status of the household 1.16 (0.05) 1.15 (0.02) 0.87 1.24 (0.06) 1.68 (0.03) −0.44 *** 1.45 (0.05) 1.53 (0.03) −0.07 * 

Access to irrigation 2.00 (0.00) 1.34 (0.02) 0.67 *** 0.36 (0.06) 0.41 (0.03) −0.05 1.02 (0.02) 1.03 (0.01) −0.03 
Households that lost their land rights 1.06 (0.03) 1.04 (0.01) 0.02 0.05 (0.03) 0.07 (0.02) −0.02 1.25 (0.04) 1.18 (0.02) 0.08 * 

Access to other sources of revenue 1.12 (0.05) 1.19 (0.02) −0.07 0.00 (0.00) 0.00 (0.00) 0.00 1.21 (0.04) 1.69 (0.02) −0.48 *** 
Observations 46 442  61 243  121 383  

Note: Standard errors appear in parentheses, and *** p < 0.01, ** p < 0.05, and * p < 0.1. 
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Having other sources of revenue other than farming was another important deter-
minant of employment in an LSAI in Mozambique. Having lost land rights was also one 
of the positive determinants of employment in an LSAI in Mozambique. If the household 
lost their land rights because of the establishment of an LSAI, the probability of en-
gagement in off-farm activities or employment was high (Table 7). Only a few numbers 
of households that lost their land rights in Kenya and Madagascar. 

Table 7. Determinants of participation in LSAIs. 

Variables 
Kenya Madagascar Mozambique 
Coeff Coeff Coeff 

(Std Err) (Std Err) (Std Err) 

Sex of the household head  
0.469 ** 0.385 0.446 
−0.232 −0.334 −0.289 

Age of the head 
−0.022 *** −0.002 0.003 
−0.008 −0.008 −0.005 

Family size 
0.028 −0.041 0.017 
−0.071 −0.039 −0.037 

Education status of the head 
0.139 0.002 −0.212 ** 
−0.161 −0.097 −0.098 

Marital status of the head 
−0.571 ** 0.316 −0.139 
−0.295 −0.323 −0.189 

Livestock owned (TLU) 
−0.075 ** −0.043 ** 0.131 
−0.034 −0.037 −0.146 

Land size 
−0.239 ** −0.004 0.005 
−0.127 −0.008 −0.021 

Distance to market 
−0.811 *** −0.669 *** −0.295 ** 
−0.158 −0.161 −0.116 

Distance to road 
0.419 *** 0.146 0.199 * 
−0.129 −0.289 −0.113 

Migration status 
−0.129 −0.467 ** 0.048 
−0.282 −0.223 −0.159 

Households that lost their 
land rights 

0.145 0.282 −0.188 ** 
−0.495 −0.433 −0.178 

Access to other source of 
revenue 

−0.098 0.005 −1.271 *** 
−0.319 −0.021 −0.167 

Location_Dum 
−0.31 0.931 *** 1.532 *** 
−0.224 −0.306 −0.208 

Access to new technology 
0.889 *** −0.427 *** 0.543 ** 
−0.205 −0.983 −0.226 

Land tenure system 
−0.186 ** −0.186 ** 0.023 
−0.095 −0.095 −0.093 

Constant 
−4.333 −0.586 0.3 
−1.412 −1.118 −1.062 

Likelihood −101 −107.71 −177.05 
Observations (N) 488 304 504 

Source: Own calculation from AGFROLAND data; Standard errors appear in parentheses; * p < 
0.10, ** p < 0.05, *** p < 0.01. 

The estimated results of the three countries’ endogenous switching regression 
model are presented in Supplementary Materials Tables S1–S3. A selection bias was de-
tected and represented by the significant correlation coefficients of the selection equa-
tions in Tables S1–S3. Therefore, for more robust estimation, instrumental variables such 
as access to new technology and land tenure system were added in the selection model. 
The statistically significant coefficients for the variables for access to new technology and 
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land tenure system showed that the selected instruments were relevant and affected 
household participation decision. 

The significant results of the likelihood ratio test (χ2), the sigma (σi) and correlation 
coefficients (ρi) indicated the existence of self-selection problems and suggested that the 
three equations are jointly dependent. The model specification controlled for this in-
ferred endogeneity [62]. The findings revealed that employment might not have had the 
same impact if non-engaged households decided to engage in employment with the 
LSAI. The positive and statistically significant coefficients of ρie (HDDS and MAHFP) in 
Mozambique, indicating a negative selection bias (Table S3). Households with a be-
low-average food security status (HDDS and MAHFP) were more likely to have a 
member employed in an LSAI. A likely negative selection bias was also found for one 
food security indicators (FCS) in Madagascar (Table S2). The negative and statistically 
significant coefficients of ρie (MAHFP and food expenditure share) in Kenya show that 
the existence of a positive selection bias; indicating more food secure households were 
more likely to have members employed by an LSAI (Tables S1–S3). 

Table 8 presents the expected value of the food security indicators under observed 
and unobserved scenarios. The endogenous switching model for HDDS showed that, on 
average, being employed in an LSAI increased the HDDS (number of food items con-
sumed) from 6.41 to 8.27 in Kenya, from 2.37 to 5.41 in Madagascar and from 2.16 to 4.09 
in Mozambique. If households that were employed in an LSAI chose not to be employed, 
the number of food items consumed decreased by 1.86 points in Kenya, 3.04 points in 
Madagascar and 2.16 points Mozambique. In the case of non-engaged households, the 
HDDS were 5.98 in Kenya, 4.93 in Madagascar and 5.97 in Mozambique. When 
non-engaged households decided to be employed in an LSAI, the HDDS of household 
would have increased from 5.98 to 7.26 in Kenya, from 4.93 to 10.01 in Madagascar and 
decreased from 5.97 to 5.23 in Mozambique (Table 8). 

Table 8. Endogenous switching regression treatment effects. 

Outcome 
Variables 

Household Type and 
Employment Effects 

Kenya Madagascar Mozambique 
Decision Stage 

ATE 
Decision Stage 

ATE 
Decision Stage 

ATE 
To Employ 

Not to Em-
ploy 

To Employ 
Not to Em-

ploy 
To Employ 

Not to 
Employ 

HDDS 

Employed (ATT) 8.27 6.41 1.86 *** 5.41 2.37 3.04 *** 6.24 4.09 2.16 *** 
Non-engaged (ATU) 7.26 5.98 1.28 *** 10.01 4.93 5.08 *** 5.23 5.97 −0.74 

Heterogeneous ef-
fects 

1.01 0.43 0.58 −4.60 −2.56 −2.04 1.01 −1.88 2.89 

FCS 

Employed (ATT) 82.42 72.34 10.08 *** 47.76 38.93 8.83 *** 55.00 45.49 9.51 *** 
Non-engaged (ATU) 75.40 57.55 17.86 *** 43.34 38.78 4.56 *** 43.18 53.08 −9.90 *** 

Heterogeneous ef-
fects 

7.02 14.79 −7.78 4.42 0.15 4.27 11.82 −7.59 19.42 

MAHFP 

Employed (ATT) 10.56 8.67 1.90 *** 9.57 9.49 0.08 10.98 8.23 2.75 *** 
Non-engaged (ATU) 9.89 9.82 0.07 9.47 6.72 2.75 *** 10.89 10.31 0.58 

Heterogeneous ef-
fects 0.74 −1.22 1.97 −1.06 0.33 −1.39 −0.91 −2.08 2.17 

Food ex-
penditure 

share 

Employed (ATT) 34.39 51.37 −16.98 *** 80.52 76.25 4.27 *** 77.85 84.56 −6.71 *** 
Non-engaged (ATU) 64.83 42.25 22.58 *** 77.38 76.33 1.05 ** 83.23 80.41 −3.18 ** 

Heterogeneous ef-
fects 

−30.44 9.12 −39.56 3.14 −0.08 3.22 −2.38 1.15 −3.53 

Note: ATE—average treatment effect; ATT—average treatment effect for treated. ATU—average treatment effect for un-
treated; ** p < 0.05, *** p < 0.01. 

The results for the FCS in both observed and unobserved scenarios are also pre-
sented in Table 8. Being employed by an LSAI increased the FCS from 72.34 to 82.42 in 
Kenya, from 38.93 to 47.76 in Madagascar and from 45.49 to 55.00 in Mozambique. This 
indicated that if households were employed by an LSAIs, the FCS would have increased 
by 10.08, 8.83 and 9.51 points in Kenya, Madagascar and Mozambique, respectively. 
When non-engaged households decided to be employed by an LSAI, the FCS would have 
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increased from 57.55 to 75.40 in Kenya, from 38.78 to 43.34 in Madagascar, while it de-
creased from 53.08 to 43.18 in Mozambique (Table 8). The result of both FCS and HDDS 
of non-engaged households in Mozambique would not seem improve when they decided 
to be employed by LSAI. This may be because of households in Mozambique have small 
land holdings and livestock compared to in Kenya and Madagascar. The salary paid by 
an LSAI may not be enough to significantly improved the food security status of 
non-engaged in Mozambique. 

On average, for all three countries, households had access to food for more than 
eight months of the year before the surveys. Households employed by an LSAI enjoyed 
adequate food for 10.5, 9.6 and 10.9 months in Kenya, Madagascar and Mozambique, 
respectively. If employed households decided not to be employed by an LSAI, the 
household’s access to food would decrease from 10.6 to 8.7 months in Kenya, from 9.6 to 
9.5 months in Madagascar and from 10.9 to 8.2 months in Mozambique. Whereas if 
non-engaged households decided to be employed in an LSAI the MAHFP of 
non-engaged households would have increased from 9.8 to 9.9 months in Kenya, from 6.7 
to 9.5 months in Madagascar and 10.3 to 10.9 months in Mozambique (Table 8). 

The food expenditure share results of sampled households in the three countries are 
presented in Table 8. In general, most sampled households in Kenya had lower food ex-
penditure shares than households in Madagascar and Mozambique. For households with 
employed members, the food expenditure shares were 34.39, 80.52 and 77.85 in Kenya, 
Madagascar and Mozambique, respectively. In comparison, the food expenditure share 
of non-engaged households were 42.25, 76.33 and 80.41 in Kenya, Madagascar and 
Mozambique, respectively. If employed households were no longer employed, the food 
expenditure share increased by 16.98 points in Kenya and by 6.71 points in Mozambique. 
This result validates Engel’s law that has stated that the expenditure on food falls as the 
household income increases [72]. However, in Madagascar, the food expenditure share 
decreased by 4.27 points; indicting employed households were less food secure than 
non-engaged in Madagascar based on the food expenditure share indicator results. If a 
member of non-engaged household was employed by an LSAI, the food expenditure 
share would increase by 22.58, 1.05, and 3.07 points in Kenya, Madagascar and Mozam-
bique, respectively (Table 8). The three countries’ food expenditure share results indi-
cated that if a member of non-engaged households was to be employed by an LSAI, the 
food security status of the households would not improve. These results were not con-
sistence with Engel’s law. This might be because of most of LSAIs jobs being seasonal and 
low-paid and the households employed by LSAIs had low living standards [14]. There-
fore, the rise in income might be used to fill the food consumption gap. 

Some of the signs of the base heterogeneity effects were positive, and others were 
negative, signaling that employed households’ food security level may have been influ-
enced by the unobservable impacts of participation in employment [70]. A positive base 
heterogeneity effects implied that employed households were more food secure than 
non-engaged households. In some cases, the sign of transitional heterogeneity effects 
were negative. For example, the transitional heterogeneity effects were −7.78 for FCS in 
Kenya; −2.04 for HDDS and −1.39 for the MAHFP in Madagascar, while in Mozambique 
there was no negative transitional heterogeneity effect. This indicated that the impact of 
employment on household food security (FCS, HDDS and MAHFP) would be higher for 
non-engaged households if a member was to be employed by an LSAI. 

Finally, Table 9 presents a summary of the average treatment effects (ATT), which 
show the effect of LSAIs on the food security status of employed households. The posi-
tive sign of the ATT for the three food security indicators (HDDS, FCS and MAHFP) im-
plied that households with employed members had higher food security than 
non-engaged households. The HDDS, FCS, and MAHFP indicators were consistently 
higher among households with members employed by an LSAIs in the three countries. 
This finding confirms other studies’ results that employment creation had an income and 
food security benefit [12,21,72–75]. The food expenditure shares also confirmed this 
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among households with employed members in Kenya and Mozambique. The negative 
sign of the ATT for food expenditure shares in Kenya and Mozambique indicated that 
households with employed members had lower food expenditure shares (more food se-
cure) than non-engaged households. This result validates the Engel’s laws and concurs 
with other literature that has confirmed the lower household food expenditure is, the 
more food secures a household is [72–75]. However, this was not the case in Madagascar 
where the food expenditure share had positive ATT implying that non-engaged house-
holds were more food secure than households with employed members (Table 9). 

Table 9. Comparing the results of the average treatment effects for treated (ATT). 

Outcome Variables 
Country ATT 

Kenya Madagascar Mozambique 
Household dietary diversity score 1.86 *** 3.04 *** 2.16 *** 

Food consumption score 10.08 * 8.83 *** 9.51 *** 
Month of adequate household food provision 1.90 *** 0.08 2.75 *** 

Food expenditure share −16.98 *** 4.27 *** −6.71 *** 
Note: ATT—average treatment effects for treated (ATT); * p < 0.10, *** p < 0.01. 

In general, the three food security indicator results (for HDDS, FCS and MAHFP) in 
Kenya and Madagascar showed that large-scale agricultural investments had an impact 
on household food security in household where a member was employed by an LSAI. In 
Mozambique, only the MAHFP results showed an impact on both household groups, 
while the HDDS and FCS results showed that large-scale agricultural investments only 
had an impact on households that had a member employed by an LSAI. Food expendi-
ture share results were not consistence with other food security indicators in Kenya and 
Mozambique where the result showed that LSAI had an impact on households with a 
member employed by an LSAI. However, if a member of a non-engaged household was 
to be employed by an LSAI, the food security status of the household would not improve 
in all three countries. The variation among indicators might be because of different eco-
nomic status of the countries and due to many jobs being seasonal and low-paid. 

4. Conclusions 
The available literature on the impact of large-scale agricultural investments on 

household food security is contentious. Still, very few published empirical studies of the 
impact on food security inform these discussions. This study estimated employment 
impacts by large-scale agricultural investments on household food security in Kenya, 
Madagascar and Mozambique. The study used four internationally recognised food se-
curity indicators (HDDS, FCS, MAHFP and food expenditure share) to capture food se-
curity’s multidimensional nature in the three countries. An endogenous switching re-
gression model was used to control for a possible selection bias. The results showed that 
heterogeneity in the sample arose from unobserved factors and self-selection during 
participation in employment in an LSAI. 

Different determinant factors for the participation of household members in LSAI 
employment were evident in each country. The employment of household members by 
an LSAI seemed to improve food security in the three communities. Employment ap-
peared to smooth consumption, although employment may be seasonal. Besides control-
ling for the selection bias and estimated ATT and ATU, the endogenous switching re-
gression detected transitional heterogeneity (TH). The findings of some of the food secu-
rity indicators revealed that the expected impact of employment on household food se-
curity would be higher for non-engaged households than households that had a member 
employed in an LSAI. The descriptive and econometric model results confirmed that 
households with employed members were more food security than households without 
members employed in an LSAI. 
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In conclusion, large-scale agricultural investments that create job opportunities may 
help improve household food security status in the surrounding communities. Due to the 
lack of baseline data, this study only used one data point for each country. Therefore, to 
capture the seasonality nature of food security, we recommend further studies using 
panel data to study the impact of large-scale agricultural investments on households food 
security. 

Supplementary Materials: The following are available online at www.mdpi.com/2073-445X/10/3/ 
323/s1, Supplementary Tables S1–S3: Endogenous switching regression results of Kenya, Mada-
gascar and Mozambique. 
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