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RESEARCH ARTICLE

Impact assessment of sustainable agricultural practices on smallholder households 
food security: evidence from Burkina Faso
Sita Kone and Ayşe Uzmay

Department of Agricultural Economics, Faculty of Agriculture, Ege University, Bornova, Izmir, Turkey

ABSTRACT  
This study investigates the factors affecting smallholder farmers’ decisions to adopt Sustainable 
Agricultural Practices (SAPs) and the impacts of single and multiple SAPs adoption on household food 
security in the Hauts-Bassins region of Burkina Faso. Data were collected through an individual face- 
to-face survey with 384 farmers. The study used both the multinomial endogenous switching 
regression and the average treatment effect model complemented with the multivalued inverse 
probability weighted regression model for the analyses. Results showed that age, education, 
cooperative membership, farm size, and access to climate and technology information are some socio- 
economic determinants of farmers’ decisions to adopt SAPs. Several factors can affect the adoption of 
SAPs and the impact of adopted SAPs on household welfare. Therefore, adopting single or joint SAPs 
can’t lead to a positive impact on crop yield, income, and further food security, unless implemented 
in suitable conditions. Also, the adoption of SAPs may enable food diversification and availability but 
not cover all aspects of food security. Thus, future studies can deeply explore the impact of SAPs on 
the different dimensions of food security. Our findings advocate for policies that target reducing 
constraints faced by farmers in successfully implementing SAPs.
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1. Introduction

The agricultural sector occupies an important place in Sub- 
Saharan Africa (SSA) countries. It contributes to 35% of 
GDP, employs 65% of the population, and over 80% of the 
rural population of SSA countries derives their livelihoods 
from small-scale agriculture, which supports over 60% of the 
region’s population (IRRI, 2021; OECD et FAO, 2016; World 
Bank, 2016). Despite its vast agricultural potential and its 
many efforts, the region still has a long way to go to achieve 
zero hunger, as it still faces major food security problems 
affecting millions of its citizens (Affoh et al., 2022). Rapid 
population growth, political instability and conflict, economic 
disparities, and especially climate change consequences 
induced by droughts and floods, temperature, and precipi
tation variability have collectively contributed to cops’ pro
ductivity decreasing and further food insecurity in many 
SSA countries (FAO, 2018; Jaleta et al., 2018; Manda et al., 
2016). Burkina Faso, a landlocked country in West Africa, is 
no exception to these challenges. Climate change is an unpre
cedented challenge that affects the sustainability of food and 
agricultural systems and threatens the livelihoods of millions 
of farmers across the globe (FAO, 2018) including Burkina 
Faso. According to FAO estimations in 2018, among the 828 
million people under food insecurity worldwide, Africa 
accounts for 1/3 of the hunger. The prevalence of undernour
ishment in the continent is projected to increase from 19.1% in 
2019 to 25.7% by 2030 (Camara et al., 2022).

Burkina Faso, with a predominantly agrarian economy 
depending on rain-fed agriculture, is particularly highly suscep
tible to climate change impacts, leading to reducing agricultural 
crop yields, food shortages, and exacerbating food insecurity 
(Alvar-Beltrán et al., 2020; Maré et al., 2022). The smallholder 
farmers of the country who are mostly operating with limited 
resources and traditional farming methods, are particularly sus
ceptible to the challenges posed by a changing climate and econ
omic uncertainties. Nevertheless, the nation’s food security is 
intricately linked to the success and sustainability of its agricul
tural practices. Integrating improved agricultural technologies 
such as the use of biochar becomes essential for enhancing agri
cultural production, and further population welfare such as 
household income, and food security (Koné et Galiegue, 2023). 
In this dynamic landscape, where agriculture remains the back
bone of the economy and the cornerstone of the population’s 
livelihoods, the analysis of the intersection of implemented effec
tive agricultural practices and household food security is crucial 
in taking action and developing adequate solutions.

Among the possible solutions, the adoption of sustainable 
agricultural practices (SAPs) offers a promising pathway towards 
not only enhancing agricultural productivity but also ensuring 
the long-term food security and well-being of households (Kas
sie et al., 2015). Thus, to address the impacts of climate change 
on agriculture, there has been increasing promotion of sustain
able agricultural practices including soil and water conservation 
techniques, and new crop seed varieties tolerant to climate varia
bility consequences. These strategies have been encouraged and 
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supported by development projects and various research evi
dence (e.g. Geffersa et al., 2022; Koné & Galiegue, 2023; Lu 
et al., 2021b; Teklewold et al., 2013) and Ng’ombe et al., 2017). 
These practices aim to increase sustainable agriculture pro
ductivity by addressing soil degradation, and poverty, and 
increasing yields, as well as building the resilience of farmers 
to adapt to climate change and variability (Koné et Galiegue, 
2023). Improved agricultural innovations are considered crucial 
in ensuring a profitable, successful, and sustainable agricultural 
sector in the context of climate change (FAO, 2018) and in 
achieving the Sustainable Development Goals (SDGs).

In the light of literature searches, outside of Burkina Faso, 
previous studies elsewhere in Africa that explore the link 
between sustainable coping strategies and well-being (including 
food security, income, poverty, and productivity) were largely 
found. For example, in Ethiopia, Di Falco et al. (2011) analyzed 
the potential impact of climate change adaptation practices on 
wheat production and household food security. Similarly, the 
study by Demeke et al. (2011), again in the case of Ethiopia 
investigated the effects of rainfall shocks on food security and 
rural household vulnerability. On the other hand, in Malawi, 
Pangapanga et al. (2012) examined the impacts of drought and 
flood adaptations on household agricultural production and 
food security. In their studies, Shiferaw et al. (2014) evaluated 
the impact of farmers’ adoption of improved wheat varieties 
on food security, while Ahmad et al. (2016) assessed the impact 
of a combination of adaptation strategies on household food 
security in Pakistan. In their investigations, Jaleta et al. (2018) 
and Manda et al. (2018) explored the impact of improved 
maize variety adoption on household food security in Ethiopia 
and Zambia respectively using the endogeneity switching 
regression models. Lu et al. (2021a) used the same approach to 
analyze the effects of improved rice variety adoption on food 
security in northern Ghana and identified positive effects on 
household dietary diversity score and subjective food security.

However, it can be noted that many gaps exist in the litera
ture research. Some of these studies focused only on food 
supply or agricultural production yield and did not consider 
many aspects of food security. In addition, the majority of 
these studies mainly investigated the adoption by farmers of 
a single SAP, such as improved maize or rice, or cowpea var
ieties (e.g. Geffersa et al., 2022; Kassie et al., 2018; Khonje et al., 
2015; Lu et al., 2021a; Manda et al., 2018; Manda et al., 2019; 
Ojo et al., 2021), agroforestry, and other packages of practices 
(Aldulai & Huffman, 2014; Arslan et al., 2015; Zeng et al., 
2017). Nevertheless, it is known that farmers seldom use 
only one farming practice or technology, instead, a combi
nation of complementary technologies is implemented 
sequentially over time as shown in our survey results. Further
more, farmers are confronted with several agricultural prac
tices that can be jointly adopted as supplements, alternatives, 
or add-ons to maximize production and profit while dealing 
with such overlapping concerns as weed management, soil fer
tility, and harvest productivity (Teklewold et al., 2013). Thus, 
ignoring this interrelationship between adoption and impact 
assessment research can distort the results of the analyses. 
So, it must therefore be taken into account in the assessment 
of the adoption and impact of climate change sustainable agri
cultural technologies for adaption to climate change.

On the other hand, rigorous empirical evidence is yet lim
ited in Burkina Faso regarding the adoption and impacts of the 
implementation of multiple agricultural technologies for cli
mate change adaptation on farmers’ welfare. Previous studies 
in Burkina Faso have focused instead on assessing the determi
nants of the adoption of these new agricultural technologies 
and the factors affecting the intensification of sustainable agri
cultural practices (Alvar-Beltrán et al., 2020; Ayantunde et al., 
2020; Kaboré et al., 2019; Maré et al., 2022; Nana & Thiom
biano, 2018; Sanfo et al., 2017; Zampaligré & Fuchs, 2019). 
To fill these mentioned gaps, our study examines the factors 
affecting smallholder farmers’ adoption of single and multiple 
SAPs (soil and water conservation and improved seed varieties 
cultivation) and the impacts of adopting the combination of 
SAPs on household food security in Burkina Faso by using pri
mary data collected with the farmers in the three provinces of 
the Hauts-Bassins region of the country.

This paper makes a more significant contribution to the 
emergent empirical research based on the analysis of the adop
tion and welfare impacts of climate adaptation agricultural 
technologies in the following three areas: First, not only do 
we analyze the potential factors determinants of the adoption 
of agricultural practices, but we also analyze and compare the 
effects of the adoption of a single agricultural technology and 
several agricultural technologies adoption on the smallholders 
household food security. Food security is represented here by 
the food security index and the subjective food security. The 
use of the food security variable as a proxy indicator for welfare 
is particularly important in the context of Burkina Faso, where 
food insecurity is increasing largely due to a critical subsistence 
agricultural system unable to feed the population itself. To the 
best of our knowledge, no studies have explored the impact of 
sustainable agricultural practices on food security in Burkina 
Faso. This paper will make an outstanding and first-ever 
unique contribution to the development of the literature by 
providing empirical evidence from Burkina Faso. Second, we 
applied multinomial endogenous switching regressions 
(MESR) to our most recently collected data to control both 
selection bias and endogeneity in observed and unobserved 
factors. We also extend the analysis to average treatment 
effect (ATE) and multivalued inverse probability weighted 
regression (MIPWR) (Linden et al., 2016; Lu et al., 2021b; 
and Manda et al., 2021). Third, investigating the role of mul
tiple agricultural technologies on welfare is of critical impor
tance to policymakers in Burkina Faso as well as in Africa 
where climate change is an increasing threat to food security 
and increased adoption of climate-smart agriculture innovated 
technologies are essential to improve agricultural productivity, 
food security, income, and farmers’ living standards. Thus, in 
this way, the results of the research will help formulate some 
specific policies aimed at improving the adoption of SAPs 
and strengthening agricultural systems and the food security 
of farm households in the face of changing climate.

The structure of the rest of this research paper is as follows: 
after the introduction in Section 1 including the background, 
research gaps, and the study importance; Section 2 describes 
the methodology adopted, detailing the construction of the 
food security index, the theoretical framework, and the empiri
cal model. Section 3 introduces the data used and presents the 
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descriptive statistics. Followed by the empirical results and dis
cussion in Section 4. Finally, the last Section 5 concludes the 
paper by highlighting the key findings and evidence-based pol
icy considerations related to the results.

2. Methodology

2.1. Food security index construction

The food security concept has largely changed, developed, and 
diversified over time. In general, the term food security is used 
to refer to whether people can access an acceptable amount 
and quality of food. The most widely accepted definition is 
that of the 1996 World Food Summit (WFS), which has 
defined the term as follows: “Food security exists when all 
people, at all times, have physical and economic access to 
sufficient safe and nutritious food to meet their dietary needs 
and food preferences for a healthy and active life” (FAO, 
1996). This definition includes four important aspects of 
people’s food consumption: availability, access, utilization, 
and stability. That being said, food security is a concept that 
is very complex, and not directly measurable. Therefore, in 
this study, we try to capture food security by using several 
selected indicators that reflect its multiple dimensions. The 
choice of indicators was guided by the literature about food 
security, mainly based on the studies of Alene and Manyong 
(2006), Smith et Subandoro (2007), Qureshi (2007), Demeke 
et al. (2011), Abafita & Kim (2014), Ahmad et al. (2016).

Unlike Demeke et al. (2011) who captured only three 
dimensions, we could capture all four dimensions of food 
security mentioned above. Following Qureshi (2007), Ahmad 
et al. (2016); Abafita & Kim (2014); and Demeke et al. 
(2011), we identify a range of food security parameters, such 
as farm size, production of major food crops (millet, maize, 
rice, sorghum), diversification of food consumed from food 
crops (vegetables, meat, cereals, legumes, and fruits, eggs …), 
food storage time and ability, food consumption expenditure, 
farm assets owned (ox, sheep, goat, machine …), and facility of 
access (to water and toilet access facility). For further justifica
tion of these dimensions, the farmland size ownership, the 
production of principal food crops, food consumption expen
diture, and physical assets of farm households are two impor
tant components of food security including food access and 
availability (Ahmad et al., 2016). Being able to store food 
over a long period indicates the stability of the food supply 
at the household level. It also illustrates the household’s capa
bility to cope with any unanticipated food emergency situation 
(Demeke et al., 2011; Haddad et al., 1994). The diversity of 
foods consumed is indicative of the diversity of food that 
also reflects the nutritive status of the quantity of food being 
consumed by households (Demeke et al., 2011). The toilet 
and water supply type implies the level of sanitation and health 
status of the household which is linked to the health status of 
its members (Ahmad et al., 2016; Abafita & Kim, 2014).

We developed a global food security index (FSI) using nine 
main indicators that encompass all dimensions of food secur
ity (including food accessibility, availability, utilization, and 
stability). Unlike previous studies by Demeke et al. (2011) 
and Abafita & Kim (2014) that used five and six indicators, 

respectively, our FSI is more complete. We used principal 
component factor analysis (PCA) to construct the index, 
which is a method also employed by the World Food Program 
and other authors such as Qureshi (2007), Ahmad et al. (2016), 
and Demeke et al. (2011). The PCA method transforms the 
selected food security variables into smaller, uncorrelated indi
ces that capture most of the information from the original 
indicators (Dunteman, 1994). In mathematical terms, PCA 
creates linear weighted combinations of the initial variables 
from an initial set of n correlated variables (X1, X2, X3, … , 
Xn) as given in the following equation. Please refer to Table 
S1 in the supplementary material for a detailed description 
of the nine main indicators used to construct our FSI.

PCm = am1X1 + am2X2 + am3X3 + . . . amnXn (1) 

Where amn represents the weight for the mth principal com
ponent and the nth variable. The components are ordered so 
that the first component explains the largest amount of var
iance in the data subject to the constraint of the sum of the 
squared weights ( a2

m1 + a2
m2 + a2

m3 + . . .+ a2
mn) is equal to 

one. Each subsequent component explains an additional but 
less proportion of variation of the variables. The higher the 
degree of correlation among the original variables, the fewer 
components are required to capture common information. 
Once the first component is identified, we can derive the 
food security index for each household as follows:

FSIj =
􏽘 Fi(Xji − Xi )

Si
(2) 

Where FSIj is the Food Security Index that follows a normal 
distribution with a mean of 0 and a standard deviation of 1. 
Due to missing values, this condition may not be respected 
after computation. Fi is the weight for the ith variable in the 
PCA model. Xji is the jth household’s value for the ith variable, 
and Xi and Si are the mean and standard deviations of the ith 
variable.

2.2. Theoretical framework

In economic theory, households are assumed to maximize their 
utility function under certain constraints such as budget, infor
mation, access to credit, and availability of technology and other 
inputs. Considering adoption through optimization by rational 
agents, we assume that farm households adopt a particular tech
nology if and only if adoption is indeed a choice that can be 
made, and at the same time adoption is expected to be profitable, 
or otherwise advantageous. According to Di Falco et al. (2011), 
Khonje et al. (2018), Ng’ombe et al. (2017), Adjin et al. (2020), 
Asfaw et al. (2019), Ojo et al. (2021), Kassie et al. (2015), 
Liang et al. (2021), Lu et al. (2021a), Manda et al. (2019), 
a farmer will decide to practice a given adaptation strategy or 
combination of agricultural practices if the utility of these strat
egies is greater than that of alternative strategies or non-adop
tion. However, the utility gained from adopting an agricultural 
technology is not observed. What can be observed instead is 
only the farmers’ choice of technology. To obtain an accurate 
estimate of the impact of technology adoption it is crucial to ran
domly assign exposure to the technology so that the effect of 

CLIMATE AND DEVELOPMENT 3



observable and unobservable characteristics between the adopter 
and non-adopter groups is the same (Shiferaw et al., 2014). In 
that case, we can assume a random utility model that states con
ditional probability choice given farmers’ choices for modelling 
purposes. Farmers may self-select to adopt these adaptation 
strategies based on their individual and unobservable character
istics, which can lead to selection bias problems in the regression 
models (Khonje et al., 2018). The issue of selection bias remains 
a significant challenge in impact evaluation studies based on 
non-randomized experimental data. To address observable 
selection bias concerns, in this study, the impact of farmers’ 
adoption of two Sustainable Agricultural Practices (soil and 
water conservation and improved seed varieties usage) on 
food security is modelled on the food security index as an out
come variable by using a multinomial endogenous switching 
regression model (MESR). We prioritize using the MESR 
model because of its potential to address impact evaluation esti
mation challenges like endogeneity problems, sample selection 
bias, and inadequate counterfactuals. The model also allows 
the evaluation of alternative single and combinations of strat
egies adoption of and other covariates in the productivity func
tions (Kassie et al., 2018; Mansur et al., 2008).

Using MESR involves three main stages. Firstly, a multi
nomial logit selection (MNLS) model is conducted to deter
mine the factors influencing farmers’ adoption of specific 
packages of SAP technologies, accounting for unobserved 
heterogeneity. Secondly, using a set of exogenous variables, 
an ordinary least squares (OLS) model is used to assess the 
impact of SAP technology adoption on the outcome vari
ables (FSI and SFS). Finally, the authors calculate the average 
treatment effects to capture both the actual and the counter
factual effects.

2.3. Empirical model

2.3.1. Multinomial logit selection (MNLS) model
The decisions to implement an adaptation strategy may be 
modelled in a framework of a random utility. Therefore, in 
the first stage, the condition for a farmer i to choose any tech
nology package, j, over any alternative package, m, is that Uij >  
Uim m ≠ j, or equivalently ΔUim = Uij − Uim > 0 m ≠ j. The 
probable profit, Uij*, that the farmer obtains from the selection 
of the package j is a latent determined through the observed 
household, farm, location-specific characteristics (Xi), and 
unobserved factors (εij):

U∗ij = Xibj + 1ij (3) 

Where Xi represents observable exogenous factors (house
hold, and farm characteristics), βj denotes unknown par
ameters, and εij is a random error. Let (I) be an indicator 
that denotes the farmer’s choice of package, so that the follow
ing expression is derived:

I =

1 if U∗i1 . max
m=j

(U∗im ) or hi1 , 0

..

. ..
. ..

.
∀ m = j

J if U∗ij . max
m=j

(U∗im ) or hij , 0

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

(4) 

Where hi1 = max
m=j

(U∗im − U∗ik) , 0 (Bourguignon et al., 
2007). The expression (4) indicates that the ith farmer selects 
a combination of technologies expecting the maximum 
benefit if the expected profit from that combination is greater 
than any other combination of technologies. This can be rep
resented as m≠ j, that is, hi1 = max

m=j
(U∗im − U∗ik) . 0 as pro

posed by Bourguignon et al. (2007). Assuming that ε are 
independently and identically Gumbel distributed, the prob
ability of a farmer i with characteristics X selecting package j 
can be expressed using a multinomial logit selection model 
(MNLS), as explained by McFadden (1973):

Pij = Pr hij 0〈 |Xi

􏼐 􏼑
=

exp(Xibj)
􏽐j

m=1 exp(Xibm)
(5) 

The parameters and variables in Equation (5) are as defined 
above. The parameters of the latent variable model are esti
mated by maximum likelihood. We estimated MNLS in the 
first stage of the MESR model in Equation (5) and the results 
are detailed in the results section.

2.3.2. Multinomial endogenous switching regressions 
(MESR)
In the second stage of the MESR, the relationship between the 
outcome variables (FSI and SFS) and a set of exogenous vari
ables Z (HC, PC, SC, FC)1 is estimated according to the chosen 
package of SAPs. In our SAP specification, the base category 
(as a reference category combination), non-adoption of SAPs 
(i.e. SWC0 ISV0), is denoted as j = 1. In the remaining packages 
(j = 2, 3, 4), at least one SAPs is used. That is, Soil and water 
conservation (SWC1ISV0), j = 2; Improve Seed Varieties 
(SWC0ISV1), j = 3; and both SWCs and ISV (SWC 1ISV1), 
j = 4 (see Table 2). The welfare outcome equation for each 
possible regime j package is given as follows:

Regime 1: Yi1 = Zi1a1 + mi1 if I = 1
..
. ..

. ..
. ..

. ..
.

Regime J: Yij = Zijaj + mij if I = j

⎧
⎪⎨

⎪⎩
(6) 

Where Yij’s are the outcome variables of the ith farmer in the 
regime j and error term (m’s) whose E(uij| X, Z) = 0 and Var 
(uij|X, Z) = σj2. It is assumed that Yij is identified if, and 
only if, the combination j is adopted, that happens when:

U∗ij . max
m=j

(U∗im ) or hij , 0 

“If the error terms ε’s and m’s are not independent, OLS 
estimations for Equation (6) will be biased. Consistent maxi
mum likelihood estimates αj require the addition of the selec
tion correction terms of the selection in Equation (6). The 
Dubin and McFadden (1973) model assumes the following lin
earity hypothesis” (Lu et al., 2021a):

E(mij|1i1 . . . 1ij) = s j
􏽘J

m=j
rj(1im − E(1im)) 

With 
􏽐J

m=1
rj = 0 (it is assumed that the sum of the correlation 
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between ε and μ equals zero). Using this assumption, the 
equation of the MESR in Equation (6) can be specified as:

Regime 1: Yi1 = Zi1a1 + s1l̂1 + vi1 if I = 1
..
. ..

. ..
. ..

. ..
.

Regime J: Yij = Zijaj + sjl̂j + vij if I = j

⎧
⎪⎨

⎪⎩
(7) 

Where σj is the covariance between ε’s and m’s. λj is the 
selection bias correction term which is estimated from com
puted probabilities from Equation (7) as follows:

l =
􏽘J

m=j
rj

P̂imlnP̂im

1 − P̂im
+ ln(P̂ij)

􏼔 􏼕

Where ρ, is the correlation coefficient of ε’s, and m’s and ω’s 
are error terms with a possible value of zero (0). In the 
MESR choice setting, there are (J – 1) selection correction 
terms, one for each alternative package (Teklewold et al., 
2013). The standard errors in Equation (7) were bootstrapped 
using 50 replicates to address the possible heteroscedasticity 
from the derived regressor (λj).

In order to identify the impact of adoption on food secur
ity output variables using the MNLS model, it is crucial to 
include at least one selection instrument in the X input vari
ables, in addition to those generated by the nonlinearity of 
the adoption selection model for Equation (7) (Di Falco, 
2014; Kassie et al., 2015). Although it can be difficult some
times to find the right instruments in empirical research, 
instrumental variables have been suggested in the literature 
to generate robust estimations. Chamberlain and Griliches 
(1975) have stated that a system of equations does not 
necessarily need instrumental variables to be identified, but 
many authors still recommend their use. To be consistent 
with other studies, such as Liang et al. (2021), Ng’ombe 
et al. (2017), and Khonje et al. (2018), we use the following 
selection instruments for identification purposes: education 
level (education), farm size, pesticide/herbicide (pesticides) 
use, access to climate information (climate information), 
and access to agricultural technology and adaptation infor
mation (adaptation information). These instruments are 
excluded from Equation (8) but included in the MNLS 
model. We believe that these IV variables are correlated 
with SAPs adoption (Adoption 1/0) but are unlikely to 
directly influence the outcome food security (FSI and SFS) 
variable or should be correlated with unobserved errors in 
the equations (7). We establish the eligibility of these instru
ments by performing a simple falsification test developed by 
Di Falco et al. (2011) and a correlation analysis, which has 
been widely used in many impact assessment studies, such 
as those of Khonje et al. (2018), Ng’ombe et al. (2017), 
and Lu et al. (2021a). All independent variables are likely 
to affect the decision to adopt a farming practice, and the 
dependent variable, which is food security, so likely to be 
an instrument. However, the conditions of the falsification 
test to validate the instrument’s reliability are that IV should 
not impact the outcome variables of non-adopters but 
should impact the decision of adoption.

To validate our instruments, in our regression analysis, we 
utilized the probit model for the first equation and the linear 

regression model for the other two equations, as rec
ommended by Di Falco et al. (2011). Our findings indicate 
that the selected instrumental variables are statistically signifi
cant in determining the decision to adapt to climate change 
(Model 1, χ2 = 68.02; p = 0.0000). However, these variables 
do not significantly impact the food security outcomes of 
non-adopters (Model 2 and 3, F-stat = 1.37, p = 0.23 and F- 
stat = 6.00, p = 0.0000). Please refer to Table S2 in the sup
plementary material for more details. We conducted the 
second stage of the MESR model in Equation (7) and we pre
sent our results in the results section.

2.3.3. Estimation of the counterfactual and treatment 
effects
The MESR framework can be used to evaluate the average 
treatment on the treated (ATT) by comparing the expected 
outcomes of adopters and non-adopters. However, estimating 
the counterfactual outcome, which is the outcome measuring 
that adopters could have achieved if they had not adopted 
the agricultural practice packages, is a challenge in impact 
evaluations that use observational data. To address this, var
ious researchers including Di Falco et al. (2011), Teklewold 
et al. (2013), Ng’ombe et al. (2017), and Khonje et al. (2018) 
have proposed methods to calculate the ATT in the actual 
and counterfactual scenarios as follows:

Adopters with adoption (sample actual adoption observed)

(a) E(Yi2| I = 2) = Zia2 + s2l2

..

. ..
. ..

. ..
.

(b) E (Yij| I = J) = Ziaj + sjlj

⎧
⎪⎨

⎪⎩
(8) 

Adopters had they not adopted (counterfactual)

(a) E(Yi1| I = 2) = Zia1 + s1l1

..

. ..
. ..

. ..
.

(b )E (Yij| I = J) = Ziaj + sjlj

⎧
⎪⎨

⎪⎩
(9) 

The predicted values in the counterfactual analysis are used 
to derive unbiased estimates of the ATT. The ATT is defined as 
the difference between equations (8a) and (9a) or equations 
(8b) and (9b). For example, the difference between equations 
(8a) and (9a) is given by:

ATT = (8a) − (9a) = E[Yi2|I = 2]–E[Yi1|I = 2]

= Zi (a2 − a1) + l(s2 − s1) (10) 

The first term on the right side of Equation (10) represents the 
expected change in adopters’ average outcome, if adopters’ 
characteristics performed the same as non-adopters, i.e. if 
adopters had the same attributes as non-adopters. The second 
term (λj) is the selection term capturing all potential effects of 
the difference in unobserved variables.

Similarly, the expected change in the food security status of 
a non-adopting if it had adopted an agricultural technique, i.e. 
the average effect on untreated (ATU) is given by (Jaleta et al., 
2018):

ATU = E[Yi1|I = 0]–E[Yi2|I = 0]

= Zi(a1 − a2)+ l(s1 − s2) (11) 
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Literally, households that adopted the new agricultural tech
nologies may have better food security status than non-adopt
ing households, regardless of whether these households use the 
agricultural practices, because of non-observable variables that 
may potentially impact the household dietary status (Jaleta 
et al., 2018).

Furthermore, following Linden et al. (2016); Lu et al. 
(2021b), and Manda et al. (2021), on the sidelines, we sup
plement our MESR with the multivalued inverse probability 
weighted regression (MIPWR) model as a robustness check. 
The MIPWR model is known to be doubly robust and controls 
for selection bias associated with the identified confounders. 
Most importantly, the MIPWR model uses the estimated 
inverse of the probability of treatment weights to generate 
missing data-corrected regression estimations that are then 
used to construct a robust ATT estimation (Lu et al., 2021b).

3. Data and descriptive statistics

This study was conducted in the Hauts-Bassins region in 
western Burkina Faso where agriculture, the most important 
activity, is still extensive and highly dependent on rainfall 
and is dearly affected by climate change consequences 
(Ayanlade et al., 2017). Structured questionnaires were 
used to collect the data in June and July 2021 through survey 
interviews with 384 farmers randomly selected from 16 vil
lages in the three provinces: Houet, Kénédougou, and Tuy 
provinces. The sample size was determined using the pro
portional sample size formula developed by Newbold 
(1995). The variables were selected based on a review of var
ious theoretical and empirical published literature related to 
climate change adoption and impact assessment of adopted 
strategies (e.g. Khonje et al., 2018; Lu et al., 2021a; Manda 
et al., 2019; Ng’ombe et al., 2017; Setsoafia et al., 2022; Tek
lewold et al., 2013). In this research, the question databank 
included socio-demographic and economic characteristics 
of households and questions on climate change perception 
adaptation strategies, and food security. Based on past 
studies we have identified several explanatory variables that 
are supposed to influence adoption and, consequently, our 
outcome variables. The factors considered here include five 
principal categories: 1. (HC) Human capital, 2. (PC) Physical 
capital, 3.(SC) Social capital, 4. (FC) Financial capital and 
5. (AS) adaptation strategies.

One of our outcome variables is the food security index 
(FSI) (explained above) and the second one is subjective 
food security (SFS) (farmer self-evaluation 1/0). Descriptive 
statistics of the set of key variables (the explanatory, explained, 
treatment, and instrumental variables) used in the analysis, 
including the purpose of these sets of variables, their character
istics, and the descriptive statistics by SAP packages (See sup
plementary material Table S3) are presented in more detail 
below (Table 1).

This study focused on the SWC practices that are widely 
used in Africa and Burkina Faso, such as the use of stone/ 
rock bunds, manure pits, digues/ big embankments, and digu
ettes/small embankment, as well as the use of improved crop 
varieties (ISV). These techniques have been identified as adap
tation strategies to climate change, and if well implemented, 

they can increase agricultural productivity while preserving 
the soil, and the environment, and reducing greenhouse gas 
emissions. These technologies are particularly relevant in the 
context of climate change issues in Burkina Faso, where rain
fall is limited, soils are degraded, and poor in nutrients, leading 
to low productivity. Therefore, promoting these practices is 

Table 1. Definitions and descriptive statistics of variables.

Variables Description Mean SD

Dependent variables (Y = food security)
FSI Food security index derived 0.000 0.630
SFS Subjective food security status (1  =  

food secure; 0 = food insecure)
0.518 –

Treatment variable
Adoption Adoption of SAP (1 = yes, 0 = no) 0.872 –
Explanatory variables (X)
Human Capital (HC)
Gender Gender of household head (1 = male, 0  

= female)
0.813 –

Age Age of household head (years) 43.583 12.194
Marital status Marital status (1 = married, 0 = no) 0.979 –
Household size Household size 10.068 6.077
Active Number of active family members 5.716 4.473
Formation Participation in an agricultural training 

(1 = yes, 0 = no)
0.581 –

Farm experience Number of years in farming 34.759 10.397
Number of labours Number of employees hired on the 

farm
11.134 17.38

Physique Capital (PC)
Number of lands Land ownership/Number of plots 

(number)
1.742 1.039

Number of oxen Number of oxen owned 5.438 10.801
Number of goats Number of goats owned 4.182 6.127
Number of sheep Number of sheep owned 4.255 8.480
Number of 

machines
Number of machines owned 0.302 0.465

Number of plows Number of plows owned 1.185 0.999
Number of 

charettes
Number of charrettes owned 0.641 0.570

Social Capital (SC)
Member of 

cooperative
Farmers’ cooperative membership (1 =  

yes, 0 = no)
0.495 –

Communication Communicate with other farmers (1 =  
yes,0 = no)

0.997 –

Assistance Received assistance from extension 
agents (1 = yes; 0 = no)

0.237 –

Source TV Access to TV as an information source 
(1 = yes; 0 = no)

0.289 –

Source radio Access to radio as a source of 
information (1 = yes; 0 = no)

0.760 –

Source cooperative Access to information from farmer 
cooperatives (1 = yes; 0 = no)

0.250 –

Financial capital (FC)
Credit Access to credit (1 = yes; 0 = no) 0.479 –
Off-farm Off-farm activity (1 = yes; 0 = no) 0.008 –
Transfer Remittance received (1 = yes; 0 = no) 0.083 –
Adaptation strategies (AS)
SWC Soil and water conservation use (1 =  

yes, 0 = no)
0.489 –

ISV Improved seed varieties usage (1 = yes; 
0 = no)

0.760 –

Organic manure Organic manure usage (1 = yes, 0 = no) 0.935 –
Chemical fertilizer Chemical fertilizer usage (1 = yes, 0 =  

no)
0.961 –

Instrumental Variable (IV)
Education Formal education level (1 = yes, 0 = no) 0.271 –
Farm size Farmland size (hectare) 8.179 7.248
Pesticides Pesticides/herbicides use (1 = yes, 0 =  

no)
0.987 –

Climate 
information

Access to climate information (1 = yes, 
0 = no)

0.352 –

Adaptation 
information

Access to information on improved 
technologies (1 = yes, 0 = no)

0.430 –
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crucial for ensuring sustainable agriculture and food security 
in the country and the region.

The data collected shows that SWC was used by 49% of 
farmers and ISV was used by 76% of farmers. We expect 
that these adaptation strategies positively influence farm 
household food security. Agricultural practices, such as 
SAPs, are presented as “packages” with several components 
(Khonje et al., 2018). These components may complement 
each other in combination or be independently operationa
lized, thus an adopter can be defined as a farmer who uses 
one, all, or some of the SAPs (Abdulai, 2016). This study 
defines SAPs adoption in line with Khonje et al. (2018), i.e. 
farmers who have adopted one or more adaptive practices 
are defined as SAPs adopters. Otherwise, they are considered 
as non-SAPs adopters. Considering the joint adoption of the 
multiple agricultural technologies (or SAPs) selected in our 
study (SWC and ISV), we came up with four (4) possible com
binations of agricultural practices (Table 2). Overall, only 
12.76% of farm households had not adopted any of these prac
tices. As shown in the table, only 11.20% practiced the single 
SWC (SWC1 ISV0) and 38.28% adopted only ISV (SWC0 
ISV1). However, 37.76% of farm households adopted both 
SWC and ISV (SWC1 ISV1).

4. Empirical results and discussion

4.1. Determinants of combination SAPs adoption

The estimates of the MNLS model that allow us to identify fac
tors that influence the adoption of SAPs are presented in Table 
S4 (supplementary material). The basic category is the non- 
adoption of SAPs (SWC0 ISV0). The results show that the 
model used for the estimations is adequate, has strong expla
natory power, and consequently fits the data reasonably. The 
Wald test of the null hypothesis to check whether all regression 
coefficients are jointly equal to zero is rejected [χ2(81) =  
1305.46; p = 0.000]. The model is statistically significant at 
1% and the variables introduced into the model are significant 
overall. The R² indicates that 34.05% of the variation in the 
dependent variable is explained by the independent variables, 
although this variable in the multinomial logit model varies 
with the number of independent variables in the model. 
The instruments (education, farm size, pesticides, climate 
information, and adaptation information) used to identify 
the MESR are also jointly significant at 1%. However, the 
coefficients estimated in the multinomial logit model are not 
directly interpretable. Instead, they are used to provide an 

orientation on the nature of the relationship between the 
dependent variable and the explanatory variables. Thus, the 
economic interpretation of the parameters to better identify 
their influence on the probability of adopting agricultural tech
nologies is possible from the interpretation of the marginal 
effects of the different variables introduced in the model. 
Nguyen-Van et al. (2017) state that the marginal effects have 
a good fit and significance concerning the impact intensities 
on the individual probabilistic models. The marginal effects 
are obtained by deriving the probabilities regarding the expla
natory variables (dy/dx). However, the signs of the marginal 
effects are not necessarily the same as those of the coefficients 
estimated in the multinomial logistic model. Table 3 briefly 
explains some variables’ effects from the determination of 
the marginal effects, and the interpretations are made accord
ing to ceteris paribus. The results show that the estimated 
coefficients differ significantly between the alternative agricul
tural technology packages.

The gender of the head of the household appears to be 
weakly significant and negative in the analysis of the marginal 
effects of the combined use of the two technology packages 
SWC1ISV1. With more males than females in our sample, we 
can conclude that a male-headed household is more likely to 
practice several combinations of agricultural techniques. 
Also, men are more involved than women in these adaptation 
activities (especially for the application of SWCs that require 
muscle forces) and have more access to land than women. 
For example, Ng’ombe et al. (2017) confirmed that male- 
headed households are more likely to adopt a combination 
of technologies than female-headed households because men 
are in a better position to attend extension meetings in tra
ditional societies, allowing them to respond more favourably 
to the adoption of new agricultural technologies than 
women. Teklewold et al. (2013), Nana & Thiombiano (2018); 
and Setsoafia et al. (2022) instead found a positive relationship. 
Other studies (e.g. Maré et al., 2022) found a non-significant of 
the gender variable as a determinant of adoption. This shows 
that adoption is not necessarily determined by gender but by 
the means available, the knowledge, and a real commitment.

Logically, the variable age of the household head is assumed 
to increase the probability of SAPs adoption. This is because 
older farmers have long years of farming experience to notice 
changes in their environment and adopt adaptation strategies 
(Alemayehu & Bewket, 2017). Despite these expectations, our 
variable age is weakly positive for the single adoption of ISV 
(SWC0ISV1) adoption alone and negative and statistically sig
nificant for the single adoption of SWC (SWC1ISV0). This 
shows that as the age of the farmer advances, the probability 
of ISV implementation increases by 0.090, but they do not 
have the necessary force for SWC application (decreasing by 
0.079). Otherwise, we can say that younger farmers are more 
inclined to adoption of SWC. For example, Fontes (2020) 
finds in his study that SWC technologies are effective in redu
cing soil erosion and increasing yields but are labour-intensive 
(need a real labour force). Issahaku & Abdulai (2020) and 
Ng’ombe et al. (2017) also found similar results to our study. 
Previous studies have also reported that the age of household 
heads affected the choice of climate change adaptation strat
egies (Alemayehu & Bewket 2017; Opiyo et al., 2016).

Table 2. Adoption combinations of multiple agricultural technologies.

Technology(j) 
choice

Binary 
combinations

Soil and 
Water 

Conservation 
(SWC)

Improved 
Seed 

Variety 
(ISV)

Frequency 
(%)

SWC1 SWC0 ISV1 IMV0

1 SWC0 ISV0 √ √ 12.76
2 SWC1 ISV0 √ √ 11.20
3 SWC0 ISV1 √ √ 38.28
4 SWC1 ISV1 √ √ 37.76

Notes: SWC0 ISV0 -nonadopters; SWC1 ISV0 -adopted SWC only; SWC0 ISV1 

-adopted ISV only; SWC1 ISV1-adopted both SWC and ISV simultaneously. 1  
= adoption; 0 = non-adoption
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On the other hand, the study finds that, as the number of 
years of experience increases, farmers are more likely to 
adopt a combination of SWC1ISV0. Specifically, an additional 
year of experience increases the probability of SWC adoption 
alone by 0.064. This result is consistent with previous research 
indicating that agricultural experience is a critical determinant 
of technology adoption (Grazhdani, 2013; Ojo & Baiyegunhi 
2020; Zakaria et al., 2020). Zakaria et al. (2020) report that 
an additional year of farmer experience in rice cultivation 
leads to a 2.4 percent increase in the adoption intensity of 
smart farming practices in Ghana. Similarly, Ojo & Baiyegunhi 
(2020) suggest that increasing rice farmers’ experience will 
increase their net farm income in Southwestern Nigeria. On 
the other hand, Baiyegunhi et al. (2018) argue that farming 
is a vocation, and farmers gain knowledge and skills as they 
spend more years in it. With longer years in farming, farmers 
become more knowledgeable and better equipped to evaluate 
the benefits of adopting new agricultural innovations.

Membership in a farmer cooperative can increase the likeli
hood of adopting SWC0ISV1 and improve a producer’s ability to 
adapt to climate change. Multiple studies, including those of 
Setsoafia et al. (2022), Liang et al. (2021), Ojo & Baiyegunhi 
(2020), and Manda et al. (2020) have found consistent results 
in support of these results. For instance, Manda et al. (2020) 
found that membership in farmer cooperatives can accelerate 
the adoption of improved maize crops from 1.6 to 4.3 years. 
Access to agricultural technical training by an additional indi
vidual can increase the probability of joint application SWC1
ISV1 by 0.148, according to various studies such as Kaboré 
et al. (2019), Lu et al. (2021a), Zakaria et al. (2020), and Midin
goyi et al. (2019). Additionally, it can reduce the likelihood of 
adopting SWC0ISV1 by 0.167. The marginal effect determined 

by Zakaria et al. (2020) suggests that farmers in Ghana who 
received training on agronomic practices were 49.8% more 
likely to adopt smart farming practices compared to those 
who did not receive similar training. Moreover, Midingoyi 
et al. (2019) demonstrated that insufficient technical training 
reduces the likelihood of adopting innovative practices. Lastly, 
technical assistance provided by agricultural agents can increase 
the probability of ISV adoption by 0.143 according to our 
findings.

The variable education has a negative and statistically signifi
cant influence on the household head’s decision to adopt SWC1
ISV0. Koç and Uzmay (2022) found that education level is one of 
the determinants of adoption in the Thrace/Turkey region. The 
study by Lu et al. (2021b) also finds that the years of schooling 
variable exerts a negative and statistically significant influence 
on the head of household’s adoption decision. This contradicts 
the findings of Gebremariam and Tesfaye (2018), who indicated 
that better-educated households should be more aware of the 
benefits of new technologies. The practice of an off-farm activity 
by a farmer reduced the probability of joint adoption of SWC1
ISV1 and SWC0ISV1 by 0.602 and 1.007 respectively. While this 
variable increases the probability of adoption of ISV alone by 
1.214. In their study on Ghana and Pakistan, Setsoafia et al. 
(2022) and Kousar and Abdulai (2016) found that participation 
in non-farm jobs increases farmers’ adoption of soil conserva
tion measures. A farmer’s use of organic manure results in a 
decrease in ISV application by 0.213. This can be explained by 
the fact that organic manure is an effective stimulant that boosts 
plant production. Therefore, if the farmer has applied organic 
manure, it reduces the application of ISVs which are sometimes 
difficult to acquire. The use of traditional seeds combined with 
organic manure seems to be effective at this level.

Table 3. Multinomial logit model marginal effects for the various combinations of agricultural technologies.

SWC0 ISV0 SWC1ISV0 SWC0ISV1 SWC1ISV1

Variables dy/dx SE dy/dx SE dy/dx SE dy/dx SE

Gender 0.050 0.066 0.014 0.044 0.047 0.070 −0.111* 0.046
Age −0.019 0.031 −0.079** 0.038 0.090* 0.047 0.007 0.041
Age squared 0.219 0.393 0.956** 0.443 −1.003* 0.549 −0.172 0.461
Household size −0.021 0.018 0.007 0.022 0.013 0.023 0.000 0.019
Household size squared 0.170 0.120 −0.115 0.141 −0.143 0.151 0.088 0.131
Active 0.008 0.019 −0.000 0.023 0.024 0.026 −0.031 0.022
Active squared −0.059 0.103 0.043 0.134 −0.110 0.139 0.126 0.127
Farm experience −0.027 0.035 0.064* 0.039 −0.054 0.047 0.017 0.043
Farm experience squared 0.374 0.393 −0.671* 0.407 0.470 0.503 −0.173 0.452
Formation 0.051 0.035 −0.032 0.037 −0.167*** 0.049 0.148*** 0.045
Member of cooperative −0.100*** 0.037 −0.019 0.032 0.096* 0.052 0.023 0.044
Off-farm 0.395*** 0.094 −0.602*** 0.134 1.214*** 0.193 −1.007*** 0.179
Farm size squared 0.154** 0.072 −0.003 0.038 0.034 0.076 −0.185*** 0.049
Number of oxen 0.002** 0.001 0.000 0.002 −0.003* 0.002 0.001 0.002
Number of machines 0.038 0.036 0.014 0.039 −0.007 0.050 −0.046 0.042
Assistance −0.066 0.045 −0.026 0.040 0.143** 0.058 −0.051 0.049
Credit −0.040 0.034 −0.029 0.038 −0.044 0.047 0.113*** 0.043
Organic manure 0.076 0.070 0.066 0.091 −0.213*** 0.083 0.071 0.097
Chemical fertilizer 0.078 0.076 −0.165 0.132 −0.003 0.159 0.089 0.274
Source TV −0.034 0.041 0.026 0.037 0.042 0.055 −0.034 0.050
Source radio 0.002 0.037 −0.002 0.043 0.010 0.053 −0.011 0.052
Source cooperative 0.006 0.051 −0.025 0.035 −0.031 0.058 0.050 0.047
Education 0.096*** 0.035 −0.101** 0.047 0.023 0.053 −0.018 0.050
Farm size −0.026** 0.012 0.003 0.006 −0.007 0.014 0.030*** 0.008
Pesticides −0.499*** 0.144 −0.567*** 0.180 −0.857*** 0.239 1.922*** 0.331
Climate information −0.112*** 0.036 −0.023 0.034 0.065 0.045 0.070* 0.039
Adaptation information −0.153** 0.067 0.116*** 0.035 −0.165** 0.068 0.202*** 0.036

Note: dy/dx and SE represent marginal effect and standard errors respectively; ***, **, and * are statistically significant at 1%, 5%, and 10% levels; SWC0 ISV0 is the 
reference category of non-adoption of agricultural technologies. Sq = square
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The likelihood of joint adoption of selected SAPs (SWC1
ISV1) is strongly supported by access to credit, pesticide use, 
and access to adaptation information. However, findings from 
previous literature are divergent regarding the impact of credit 
access on the adoption of agricultural practices. While Nana & 
Thiombiano (2018) found no significant influence, Abid et al. 
(2015) and Kaboré et al. (2019) reported a positive impact. 
Ng’ombe et al. (2017) found both negative and positive effects 
of credit access on the likelihood of adopting different practices, 
suggesting that the impact of credit access depends on the com
bination of technologies and what it promises to generate.

Our findings show that the farm size has a significant and 
positive impact on the likelihood of adopting both SAPs, 
with an increase in farm size leading to a 0.030 increase in 
the probability of adopting both technology packages (SWC1
ISV1). This finding is consistent with Koç and Uzmay’s (2022) 
study, which also identified farm size as a determinant of adap
tation. However, Lu et al. (2021b) found that an increase in 
farm size by one hectare is associated with a decrease in the 
probability of adopting a combination of farming practices, 
suggesting that farmers may not be able to afford the cost of 
such technologies. This finding is also supported by Yigezu 
et al. (2018). Access to climate information is another impor
tant factor that positively affects the joint adoption of agricul
tural technology packages (SWC1ISV1), as climate information 
is expected to increase the probability of adopting adaptation 
strategies (Tazeze et al., 2012). An additional individual’s 
access to climate information increases the probability of 
adopting agricultural technologies (SWC and ISV jointly 
adoption) by 0.070. This is because having access to climate 
information allows farmers to understand the severity of the 
situation and motivates them to adopt agricultural technol
ogies (Nana & Thiombiano, 2018). Regarding the choice of 
adaptation options, Alemayehu & Bewket (2017) claimed 
that significant determinants include the agro-ecological 
zone, access to markets, farmer-to-farmer extension, farm 
size, access to climate change information, amount of rainfall, 
and education level of household heads.

In summary, several diverse factors in different studies 
influence the likelihood of adopting agricultural practices 
either alone or jointly. However, their effects on the decision 
to adopt farming practices differ and depend on farm agro- 
environmental and socio-economic characteristics and on 
how the farming practices are combined and applied (Maré 
et al., 2022; Ng’ombe et al., 2017).

4.2. Impacts of adopting SAPs on household food 
security

Estimated results from the second stage of our regressions are 
represented in Table S5 and Table S6 in the Supplemental 
materials. Because the main purpose of the MESR model esti
mates in this second stage is to calculate selectivity correction 
terms rather than fully explain the determinants of the adop
tion of SAPs adoption, we briefly explained the results of the 
tables. We present the determinants of FSI and SFS by SAP 
combination choice in the tables. The selectivity correction 
terms, denoted m1, m2, m3, and m4, capture the selectivity 

effects resulting from unobserved factors. The estimated var
iances are all bootstrapped with 50 replicates to cope with het
eroscedasticity as suggested by Bourguignon et al. (2007).

The results show that the selectivity correction terms are 
significant in the FSI equations only for the joint adoption of 
the two agricultural technology packages (SWC1ISV1). Simi
larly, the results show that the selectivity correction terms 
are significant in the SFS equations only for the adoption of 
the improved seed variety agricultural technology package 
(SWC0ISV1). These results indicate the presence of sample 
selectivity effects and using OLS would have produced biased 
and inconsistent estimates (Issahaku & Abdulai, 2020). Thus, 
accounting for selectivity effects is essential to obtaining con
sistent estimates in the MESR model. However, it is also 
worth mentioning the fact that the selection term is negative 
in most cases, this suggests that farmers with lower-than-aver
age food security probability are more likely to adopt the agri
cultural practices when possible (Shiferaw et al., 2014).

Regarding the effects of other variables, the results of the 
tables further demonstrate that organic manure and chemical 
fertilizer use significantly influence household food security 
among adopters of improved seeds only (SWC0ISV1) and 
joint adopters of agricultural technologies (SWC1ISV1). This 
indicates that the application of these products (organic man
ure) could be a complementary input in the effective appli
cation of these practices (SAPs) and result in high yields as 
well as further ensuring the level of food security. Age of the 
household head (which can be considered as a proxy of the 
number of years of experience), household size, farm size, 
number of years of experience, number of oxen owned, mem
bership in a farmer cooperative, having off-farm activities are 
also factors that positively influence the level of food security 
among farmers adopting improved seeds only (SWC0ISV1) 
and joint adopters of agricultural technologies (SWC1ISV1). 
In their study, Issahaku & Abdulai (2020) found in their 
research that off-farm labour participation has a positive and 
significant influence on crop income, which implies a possible 
income effect of off-farm labour participation on crop pro
duction and thus on food security.

Most of the significant variables are significant for the adop
tion of ISV only and the joint adoption of both ISV and SWC 
technology packages. From this, it can be concluded that the 
joint application of agricultural technologies increases the 
level of food security. Manda et al. (2016) found that a combi
nation of SAPs increased maize yields in Zambia. The combi
nation of multiple SAP can allow farmers to benefit from 
agronomic effects related to complementarities between 
these techniques. For example, multiple adoptions of SAPs 
enable more efficient use of soil nutrients and water in pro
duction. The adoption of a multiple SAP is potentially necess
ary to overcome the constraints of water stress, continued land 
degradation, and low soil fertility in Sub-Saharan African 
countries like Burkina Faso (CIMMYT and ACIAR, 2014). 
Maré et al. (2022) argue that intensification of sustainable agri
culture through the adoption of multiple sustainable agricul
tural practices may therefore be a key solution to 
overcoming declining per capita production and food insecur
ity in Sub-Saharan Africa.
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4.3. Average treatment effects

The predicted outcomes from the second stage of the MESR 
regression are used to estimate the effects of strategies adop
tion under conditional (effects of adopters if they had not 
adopted) and unconditional (effects of adopters and non- 
adopters with no condition) mean effects. The unconditional 
mean effects of adoption on the outcome variables derived 
from the actual and counterfactual distributions are presented 
in Table 4.

4.3.1. UATE results
The results of UATE show that most of the combinations of 
agricultural practices, on average, adopters, as well as non- 
adopters, have positive effects on food security (table 4 col
umns 3 and 4 for UATE). However, contrary to our expec
tations, the effects on food security of our SAPs adopters 
were inferior to the effects of non-adopters for both FSI and 
SFS estimations except in the adoption of single ISV use 
where the impact is positive and significant (Table 4 Column 
5 for UATE). This means that, for the SFS output, ISV adop
tion alone increases the level of food security of adopters 
than of non-adopters. This demonstrates the heterogeneity 
of unconditional mean effects by outcome variable. However, 
the positive results of ISV on food security outcomes are con
sistent with the results of Shiferaw et al. (2014). These authors 
argue that the adoption of improved wheat varieties in iso
lation leads to higher food security and per capita food con
sumption. Similarly, Jaleta et al. (2018) found that the 
adoption of improved maize varieties has a positive impact 
on per capita food consumption and increases the likelihood 
of smallholders being in food surplus. Lu et al. (2021b) also 
found that the adoption of improved rice varieties improves 
household food security levels in Ghana. These studies 
confirm the role of climate change-adaptable improved 
crops/seeds in enhancing farm household food security.

In general, the non-effectiveness of other results as expected 
can be interpreted according to many aspects including pro
ductivity and other factors as follows. The adoption of SAPs 
is facing many challenges sometimes and is not always success
ful with positive outcomes. The application can increase 

productivity and even farmers’ income but can’t necessarily 
lead to a better level of food security than those who did not 
adopt. The effects and success story of SAPs adoption on pro
ductivity and welfare depend on the ways they are 
implemented, the socio-economic conditions, precipitation 
and temperature variability, soil type, off-farm activity, and 
knowledge among other factors. For example, when interview
ing farmers, some of them said that when they sowed their 
seeds, before germination, the flood destroyed some of them. 
Sowing times also change, posing many problems. For 
instance, they said that when farmers think the farming season 
is about to start and they sow the seeds, the rain doesn’t fall at 
the right time and, because of the lack of water, the seeds can 
die. This results in a loss of yield, even for improved seed var
ieties, which sometimes fail to germinate. In addition, farmers 
do not make widespread use of SWC applications, as they do 
not have sufficient equipment, knowledge, and extension 
agents to help them achieve better results. When we inter
viewed farmers, most SWC techniques were not successful. 
Other possible reasons for the non-effectiveness of SAPs adop
tion could be the inappropriate use of seeds, such as poor com
binations with chemical fertilizers, the lack of the quantity of 
fertilizer needed, or the use of ineffective seeds that were not 
sown at the optimal time. Some seed varieties require a lot 
of fertilizer and water in the soil, which requires the use of irri
gation equipment to improve production. To discuss further 
farmers are facing other impacts on the crops such as bird 
attacks, new pests, and diseases these last times. However, 
other aspects are that farmers have no irrigation system, face 
a lack of precipitation, and struggle to obtain appropriate fer
tilizer to accompany with their crops’ production. Our results 
are in accordance with some other studies that showed that the 
application of SAPs doesn’t always have positive results. For 
example, the results of Setsoafia et al. (2022) support the 
findings of this study, as their analysis showed that the combi
nation of improved seed varieties and fertilizer use leads to a 
reduction in farmers’ incomes and thus in the level of food 
security. However, these results are only indicative of the 
effects of SAPs adoption and could be misleading due to selec
tion bias from observed and unobserved factors (Khonje et al., 
2018; Lu et al., 2021b).

Table 4. MESR-based average treatment effects of adoption of SAPs on FSI and SFS.

Adopting 
(j = 2, 3, 4)

Non-adopting 
(j = 1) UATE

Outcome variables Combinations (1) (2) (1)-(2)

FSI SWC1 ISV0 0 .325 (0.08) 0 .354 (0.03) −0.028 (0.09)
SWC0 ISV1 −0.047 (0.02) 0.354 (0.03) −0.402*** (0.04)
SWC1 ISV1 0.103 (0.04) 0.354 (0.03) −0.251***(0.05)

SFS SWC1 ISV0 0.456 (0.07) 0.477(0.02) −0.021 (0.08)
SWC0 ISV1 0.542 (0.01) 0.477(0.02) 0.064** (0.03)
SWC1 ISV1 0.374 (0.03) 0.477(0.02) −0.103** (0.04)

ATT
FSI SWC1 ISV0 0.680 (0.16) 0.135 (0.04) 0.544***(0.17)

SWC0 ISV1 0.084 (0.03) 0.135 (0.04) −0.050 (0.05)
SWC1 ISV1 0.234 (0.10) 0.135 (0.04) 0.099 (0.10)

SFS SWC1 ISV0 0.336 (0.15) 0.477 (0.04) −0.141 (0.16)
SWC0 ISV1 0.503 (0.01) 0.477 (0.04) 0.025 (0.05)
SWC1 ISV1 0.299 (0.07) 0.477 (0.04) −0.178**(0.08)

Notes: j represents the adoption combination of technologies defined. Standard errors are in parenthesis; ***, **, and * indicate statistical significance at 1%, 5%, and 
10% levels. UATE = Unconditional average treatment effect ATT = Average treatment effects on treated
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4.3.2. ATT results
Furthermore, a clearer picture of the impacts of agricultural 
technology adoption is one that takes into account both 
observed and unobserved factors. Thus, Table 4 presents also 
the average treatment effects (ATT) based on the MESR of 
SAPs adoption on food security (FSI and SFS outcomes) 
under actual/observable conditions (Adoption conditions) 
and counterfactual conditions (Adoption condition if they 
had not adopted). The average outcomes of the treaties (Adop
ters) over the treaties (ATT), if they had not been adopted, are 
shown as conditional average effects. Our results show that all 
positive outcomes for adopters (table 4 column 3 for ATT) and 
positive and negative outcomes for adopters if they had not 
adopted (table 4 column 4 for ATT). This confirms our 
UATE results mentioned above with positive outcomes impact 
on food security for adopters. However, the effect of ATT if 
they have not been adopted is only positively significant for 
the adoption of the SWC1 ISV0 package, meaning that the 
effects of adoption are superior to non-adoption, thus it is bet
ter to adopt SWC than no adoption. Also, the effects of joint 
adoption of SWC1 ISV1 are positive for FSI. The signs of the 
estimates in the UATE are consistent with the signs of our esti
mations in the ATT hence the robustness of our results. Like 
the UATE results, we can observe that the adoption of all agri
cultural technology packages does not positively and signifi
cantly impact food security. Our ATT estimation results 
show differentiated results for the impacts of single and joint 
adoption of SAP technologies on food security.

The results of joint adoption (SWC1ISV1) are positively 
related to the FSI scores (i.e. increase the level of food security 
according to our FSI outcome variable). However, several 
other previous studies following our results (e.g. Kassie et al., 
2018; Khonje et al., 2018; Lu et al., 2021b; Manda et al., 
2016; Ng’ombe et al., 2017; Oduniyi & Chagwiza, 2021; Tekle
wold et al., 2013) highlighting that adoption of multiple SAP 
has greater impacts on farmer welfare measures than adoption 
of only one or two SAP. The results indicate that the joint 
adoption of multiple agricultural technologies had greater 
impacts on farmers’ welfare. For example, Khonje et al. 
(2018) find that joint adoption increases crop yields and 
household income and decreases poverty more than individual 
component adoption. Teklewold et al. (2013) showed that 
multiple SAP adoption significantly increases household 
income in Ethiopia. Oduniyi and Chagwiza (2021) found 
that the adoption of sustainable land management practices 
increases food security among smallholder farmers in South 
Africa. Results from Ahmad et al. (2016) suggest that house
holds that adapted to climate change in Pakistan were statisti
cally significantly more food secure than those that did not. 
The combination of sustainable agricultural practices 
increased household yields and incomes in Zambia (Manda 
et al., 2016). These studies conclude that non-adopting farmers 
would have benefited if they applied an adaptation strategy. 
Therefore, efforts to achieve a high level of sustainable agricul
ture in response to climate change must focus on proposing 
adaptation of multiple agricultural technologies and practices.

The SFS results show that the joint adoption of technology 
packages is negatively significant with SFS scores. A possible 
reason for the divergence of these results could be the 

inappropriate use and combination of these agricultural tech
nologies by smallholder farmers, linked to constraints such as 
poor rainfall and flooding, lack of knowledge, means, and 
labour. As a result, they do not achieve the potential production 
and income necessary to ensure the desired level of food secur
ity. Another possible explanation may be because of that feeling 
of self-food-secured situation that leads those farmers to not 
make any effort to adopt new improved agricultural technol
ogies. The adoption of SWC and ISV may require more labour 
and this may not be an incentive for households that feel them
selves food secure regarding the technology already used on 
their farm. For example, Koné et Galiegue (2023) suggested 
that a combination of improved seed varieties, and SWC with 
the application of biochar (climate-friendly soil amendment) 
is a perfect match to get effective yield results. Similar results 
to our results were found by Setsoafia et al. (2022) in the case 
of Ghana. According to their results, the adoption of three sus
tainable agricultural technologies is more beneficial and posi
tively impacts the level of food security than the adoption of 
one or two techniques. It can be concluded that the effective
ness of agricultural technologies depends on the type of combi
nation of agricultural technologies adopted. Joint adoption 
does not have a significant impact on crop income in the tran
sition zone in Ghana (Issahaku & Abdulai, 2020). The finding 
of Ma and Wang (2020) also demonstrates that the adoption of 
SAPs significantly decreases farm income in China.

To sum up, the results in Table 4 show that single and joint 
adoption have a positive effect and positively impact the food 
security of farm households of adopters. These results confirm 
the effectiveness of adoption, even though it can’t sometimes 
reach the level of desirable impact which is higher than the 
impact of non-adoption. Otherwise, the adoption of SAPs can 
have positive effects, but the effectiveness on food security is 
not evident to be more than those who did not adopt. Also, 
many factors and challenges can affect the real effect of SAPs 
adoption on adopters’ welfare such as productivity and food 
security. However, the results are consistent with previous 
studies on the effects of SAPs adoption such as those by Nana 
& Thiombiano (2018), Kaboré et al. (2019), Maré et al. (2022), 
Ayantunde et al. (2020), and Alvar-Beltrán et al. (2020). 
Additionally, studies by Fontes (2020) and Issahaku & Abdulai 
(2020) have shown that SWC technologies can increase the resi
lience of the agricultural sector to climate change and reduce the 
probability of crop failure or income loss, while the single adop
tion of ISV has the opposite effect on food security.

The average treatment effects on non-adopters (ATU) were 
also estimated (see Table S7 in supplementary material). The 
results indicate significant and positive results for the adoption 
of SWC1 ISV0 and SWC1 ISV1 packages. That concludes that 
non-adopters would have reached a good level of food security 
if they had adopted SWC and ISV (for our outcome 
variable FSI). Again, it can be said that farmers who adopt 
SAP improve their welfare.

Overall, the results highlight the importance of individual 
and joint adoption of improved seeds and water and soil con
servation practices among farmers to manage ex-ante pro
duction risk and food insecurity risk, especially under 
conditions of climate uncertainty. However, the heterogeneity 
effect is negative in most cases (Table S8 in supplementary 
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material), i.e. the effect is significantly smaller for farm house
holds that did adapt compared to those that did not. The results 
do not support the idea that farmers who adopt climate-smart 
practices to avoid crop failure end up being food insecure. 
Nevertheless, farm households that have adapted are still better 
off adapting than not adapting. And when adopted correctly, 
SAPs implementation would have a positive impact on house
hold welfare. The results further demonstrate the importance of 
the adoption and application of climate-smart practices indivi
dually and some complementarity between crop choice and soil 
and water conservation practices. This finding would not have 
been possible if we had examined these climate-smart practices 
individually without considering the joint adoption effect that 
was not considered in some studies.

4.4. Robustness checks

Following Lu et al. (2021b), as a robustness check for causal 
effects of the MESR model, we applied the multivalued inverse 
probability weighted regression (MIPWR) model. It can be 
affirmed that the adoption of all combinations of agricultural 
technologies considered in this study significantly improves the 
level of food security for our SFS outcome variables. The overall 
main message from the results (see Table S9 in supplementary 
material) is that, on average, agricultural technologies adopted 
in combination result in increased food security. Also, it is 
important to note that the MIPWR-based ATT shown are quan
titatively superior to those of the MESR. As in Gormley and 
Matsa (2014), Lu et al. (2021b), and Manda et al. (2021) this is 
because the matching-based estimators simply account for 
observed heterogeneity, thus exposing the results to unobserved 
heterogeneity. However, Zhou and Xie (2014) also showed that 
propensity score-related methods and causal inference methods 
for marginal treatment effects could produce different esti
mations because of the way their estimations are derived. This 
is also a potential explanation for our results. However, accord
ing to Lu et al. (2021b), the two results are generally consistent, 
giving robust confidence in our MESR model specifications.

5. Conclusion and implications

Sustainable agricultural practices (SAPs) have been promoted 
by stakeholders, government, and different institutions to 
tackle climate change consequences on agriculture and reduce 
agricultural contribution du climate change as well. This study 
uses farm-level survey data collected from 384 farmers in the 
Haut-Bassins region in Burkina Faso to examine the determi
nants of smallholder farmers’ decisions to adopt a combi
nation of SAPs (improved seeds and soil and water 
conservation) and the impacts of SAPs adoption on food 
security in the region. Food security is captured by the subjec
tive food security and food security index. For the analysis, this 
study used both the multinomial endogenous switching 
regression and the average treatment effect model (to account 
for selectivity bias due to observable and unobservable factors) 
complemented with the multivalued inverse probability 
weighted regression model for robustness check.

The results showed that farmers’ decisions to adopt a differ
ent combination of SAPs are influenced by several 

socioeconomic and demographic factors of the households. 
Gender, age, farm experience, level of education, agricultural 
cooperative membership, use of pesticides/herbicides, farm 
size, asset and livestock owned, access to agriculture technical 
training and assistance from agriculture extension agents, 
access to credit, off-farm activity practice, access to climate 
information, and access to information on agricultural tech
nologies are the significant determinants of farmers’ decisions 
to adopt different category of SAPs. Several factors affect the 
effect of the adoption of SAPs depending on the combinations 
in which they are adopted and other related factors socio- 
economic and climatic factors. The study also recorded differ
entiated findings regarding the impacts of adopting only one 
or multiple SAPs on smallholder household food security. 
Globally, adopting single or joint SAPs has positive impacts 
on food security if implemented correctly than the non-adop
tion. However, generally, the success of adoption and SAPs 
impact on welfare are limited by different constraints such as 
education, knowledge, materials, and labour force to rightly 
apply the techniques, access to extension services, organic 
and inorganic fertilizer, rainfall shocks, and flood and farming 
seasons variability. Leading to non-high level impact that can 
be considered as more than for non-adopters.

Based on these results, some relevant policy implications are 
raised. The results suggest that reducing constraints and pro
moting SAPs for wider adoption could generate significant 
benefits for smallholder households in terms of increasing 
crop productivity, as well as reducing food insecurity. Overall, 
the results suggest that efforts to increase household welfare 
should focus on promoting the adoption of SAPs through 
investments in farmer education, knowledge, and capacity 
building in sustainable agricultural practices, provision of qual
ity extension services, and input supply. Investing in modern, 
sustainable agricultural technologies is not only an investment 
in the objective of addressing climate change, but also the objec
tive of achieving food security, increasing household incomes, 
alleviating rural poverty, increasing shared prosperity and econ
omic growth, and achieving sustainable development goals. 
Otherwise, an investment process should be completed by 
monitoring and evaluation exercises in order to know what is 
effective or not and to take better action for future consideration.

This study is based on cross-sectional data and for a single 
region of Burkina Faso. In addition, the crops grown by farmers 
are not differentiated. Therefore, our estimations may not have 
fully captured the adoption dynamics and long-term effects of 
SAPs on specific crop yields and food security. Future research 
should therefore investigate the adoption dynamics and welfare 
impacts of SAPs based on nationally representative panel data
sets, especially of the consumption of important crops in Bur
kina Faso. Also, we recommended future studies to explore 
the impact of SAPs on the different dimensions of food security.

Note
1. 1.(HC) Human capital (age, gender, education level, active labour 

force, etc.), 2.(PC) Physical capital (such as size of land, ownership 
of livestock, machines), 3.(SC) Social capital (such as membership 
in a cooperative …), 4.(FC) Financial capital (access to credit, 
farm, and non-farm income, etc.)
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