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ABSTRACT

Climate variability increases production and income instability in rain-fed rural economies,
with direct consequences for food security and child nutrition. In Senegal’s Groundnut Basin,
where households rely heavily on rain-fed farming and have limited formal risk-management
options, crop diversification and household resilience are central strategies for protecting
welfare. Although both are widely promoted as risk-management strategies, robust evidence
remains limited on three fronts: the magnitude of welfare and nutritional gains from crop
diversification under climate shocks; how the benefits of household resilience vary across
households and by gender; and whether child nutrition outcomes improve with the level of crop
diversification. This thesis investigates how crop diversification and household resilience
influence household welfare, food and nutrition security, and child anthropometric outcomes.
It contributes to the literature using cross-sectional data on about 3,000 households from the
National Food Security, Nutrition, and Resilience Survey (SE-CNSA). The first essay
estimates the impacts of crop diversification on household welfare, including poverty-related
outcomes and food and nutrition security, using a Marginal Treatment Effect (MTE)
framework that accounts for non-random adoption. The results indicate that crop
diversification significantly improves household welfare, even under climatic shocks. The
second essay quantifies household resilience to food insecurity using the Resilience Index
Measurement Analysis (RIMA-II) approach and estimates the heterogeneous effects of
resilience capacity on food and nutrition security by combining Two-Stage Least Squares
(2SLS) with a Dose-Response Function (DRF). The findings show that higher resilience
capacity is associated with better food and nutrition security outcomes. The dose-response
analysis further indicates that female-headed households benefit more from increases in
resilience capacity, but also face larger declines in food and nutrition security when resilience

is low. The third essay analyzes the impacts of the level of crop diversification on child

Xi



nutritional outcomes using a multinomial endogenous switching regression model. The
evidence suggests that nutritional gains are most consistently realized once households reach
high levels of diversification, implying that moderate diversification without horticultural crops
may be insufficient. Overall, the findings support targeted policies that promote higher-return,
horticulture-inclusive diversification and strengthen the foundations of household resilience,
with particular attention to improving female-headed households’ access to resources and

opportunities.

Keywords: crop diversification, household welfare, food and nutrition security, resilience

capacity, child nutrition, Senegal
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ZUSAMMENFASSUNG

Klimaschwankungen erhéhen die Instabilitdt der Produktion und der Einkommen in
regenabhdngigen landlichen Volkswirtschaften, was direkte Auswirkungen auf die
Ern&hrungssicherheit und die Erndhrung von Kindern hat. Im Erdnussbecken des Senegal, wo
die landwirtschaftlichen Haushalte stark von Regen abhangig sind und nur begrenzte formelle
Risikomanagementoptionen haben, sind die Diversifizierung der Anbaukulturen und die
Resilienz der Haushalte zentrale Strategien zum Schutz der Wohlfahrt. Obwohl beide
Strategien als RisikomanagementmaRnahmen weit verbreitet sind, gibt es nach wie vor nur
wenige belastbare Belege in drei Bereichen: dem Ausmall der Wohlfahrts- und
Erndhrungsgewinne durch Diversifizierung der Anbaukulturen unter Klimaschocks; den
Unterschieden zwischen Haushalten und Geschlechtern hinsichtlich der Vorteile der Resilienz
der Haushalte; und der Frage, ob sich die Ernéhrungssituation von Kindern mit zunehmender
Diversifizierung der Anbaukulturen verbessert. Diese Arbeit untersucht, wie sich die
Diversifizierung der Anbaukulturen und die Resilienz der Haushalte auf die Wohlfahrt der
Haushalte, die Erndhrungssicherheit und die anthropometrischen Ergebnisse bei Kindern
auswirken. Sie leistet einen Beitrag zur Literatur, indem sie Querschnittsdaten von etwa 3.000
Haushalten aus der National Food Security, Nutrition, and Resilience Survey (SE-CNSA)
verwendet. In der ersten Analyse werden die Auswirkungen der Diversifizierung der
Anbaukulturen auf die Wohlfahrt der Haushalte untersucht, einschlieflich armutsbezogener
Ergebnisse und der Erndhrungssicherheit. Dabei wird ein Marginal-Treatment-Effect (MTE)
Modell verwendet, das die nicht zufallige Anwendung der Diversifizierung bertcksichtigt. Die
Ergebnisse zeigen, dass die Diversifizierung der Anbaukulturen das Wohlergehen der
Haushalte selbst unter klimatischen Schocks deutlich verbessert. Die zweite Analyse
quantifiziert die Resilienz der Haushalte gegeniiber Erndhrungsunsicherheit mithilfe des
Resilience Index Measurement and Analysis (RIMA-I1)-Ansatzes und schétzt die heterogenen
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Auswirkungen der Resilienz auf die Erndhrungssicherheit unter Verwendung eines Two-Stage
Least Squares (2SLS) Modells in Kombination mit einer Dose-Response-Funktion (DRF). Die
Ergebnisse zeigen, dass eine hohere Resilienz mit einer besseren Erndahrungssicherheit
einhergeht. Die DRF Analyse zeigt dariber hinaus, dass Haushalte mit weiblichem
Haushaltsvorstand starker von einer hoheren Resilienz profitieren, aber auch gréRere Einbulen
bei der Erndhrungssicherheit hinnehmen missen, wenn die Resilienz gering ist. In der dritten
Analyse werden die Auswirkungen des Ausmalfies der Diversifizierung der Anbaukulturen auf
die Erndhrungssituation von Kindern unter Verwendung eines Multinomial Endogenous
Switching Regression Modells analysiert. Die Ergebnisse deuten darauf hin, dass
Erndhrungsgewinne am Kkonsistentesten erzielt werden, sobald Haushalte ein hohes
Diversifizierungsniveau erreichen, was bedeutet, dass eine moderate Diversifizierung ohne
Gartenbaukulturen maoglicherweise nicht ausreicht. Insgesamt sprechen die Ergebnisse flr
gezielte Mallnahmen, die eine ertragreiche, den Gartenbau integrierende Diversifizierung
fordern und zugleich die strukturellen Grundlagen der Haushaltsresilienz starken. Dabei sollte
besonderes Augenmerk auf die Verbesserung des Zugangs von Haushalten mit weiblichem

Haushaltsvorstand zu Ressourcen und wirtschaftlichen Chancen gelegt werden.

Stichworte:  Diversifizierung der  Anbaukulturen, Wohlstand der  Haushalte,

Erndhrungssicherheit, Widerstandsfahigkeit, Erndhrung von Kindern, Senegal
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Chapter One

General Introduction

1.1 Background

Agriculture remains a cornerstone of economic activity and livelihoods in Sub-Saharan Africa
(SSA). The sector contributes about 22% of gross domestic product (GDP) and employs nearly
60% of the workforce, highlighting its central role in income generation, employment and rural
livelihoods (Wudil et al., 2022). In a context where a large share of the population still lives in
rural areas, agriculture supports local development, poverty reduction, and the economic
inclusion of women and youth (Schneider et al., 2024). Beyond food production, agricultural
performance therefore influences food access, income stability and the broader welfare

trajectories of rural households.

Despite this central role, agriculture in SSA is increasingly exposed to multiple and overlapping
risks, among which climate change is one of the most pressing. In predominantly rain-fed
production systems, climate variability heightens uncertainty through delayed rainfall onset,
dry spells, erratic precipitation patterns, and heat stress (Jellason et al., 2022). These changes
directly affect crop yields, livestock productivity, and the stability of farm income (Jellason et
al., 2022). They also constrain food availability and food access, especially when production
shortfalls trigger price increases that disproportionately affect net food-buying households
(Furtak & Wolinska, 2023). Crop-model projections further indicate that rising temperatures
and changing rainfall regimes could reduce yields of major staples such as maize, millet, and
sorghum by as much as 20-30% in several African countries by 2050 (Rosenzweig et al., 2014;

Stuch et al., 2021).

Alongside these effects on production and household livelihoods, climate change also operates

through extreme weather events such as droughts, floods, and heatwaves, which destabilize



food systems and exacerbate food and nutrition insecurity, particularly among vulnerable
populations (Saleem et al., 2024). It also threatens the ecological foundations of agricultural
production, including soil fertility, water resources, and land quality, especially where
adaptation and mitigation responses remain limited (Antwi-agyei et al., 2022; Azadi et al.,
2021; Zakaria et al., 2020). Consequently, climate change is increasingly recognized as a major
threat not only to agricultural productivity but also to food security and economic development

more broadly (Toromade et al., 2024).

These disruptions also have important implications for human nutrition, particularly among
children. Their effects extend through additional pathways, notably disease environments and
household coping strategies, which can intensify nutritional vulnerability (Thiede & Strube,
2020). Agricultural shocks induced by climate change may therefore translate simultaneously
into welfare and nutrition shocks (Ansah et al., 2023). In response, rural households adopt a
range of adaptation strategies, including adjustments in crop management, changes in planting
dates, and diversification of livelihood activities. However, the effectiveness of such responses
often depends on the broader institutional and socio-economic environment, including access

to information, services, and support systems (Jellason et al., 2022; Magesa et al., 2023).

Within this context, crop diversification has received increasing attention as a farm-level
strategy for managing risk. By allocating resources across crops with different agronomic,
seasonal, and market characteristics, farm households may reduce their exposure to the failure
of any single crop (Sibhatu et al., 2015). Crop diversification may also improve food access by
increasing the variety of foods available for home consumption and by generating income for
food purchases (Jones, 2017). However, the empirical evidence on these benefits remains
mixed. Meta-analytical findings suggest that the nutritional effects of production diversity are
often modest and highly context-dependent, particularly where market access and non-farm

income sources play adominant role in household diets (Sibhatu & Qaim, 2018). Recent studies



from rural Africa reinforce this conclusion by showing that, while production diversity is
generally associated with improved dietary diversity, its nutritional effects remain modest in

magnitude (Nguyen & Qaim, 2025).

A complementary dimension of this debate concerns household resilience. Resilience is
increasingly understood as a multidimensional capacity that enables households to absorb,
adapt to, and recover from shocks while maintaining acceptable levels of welfare and food
security (Ansah et al., 2019). This perspective emphasizes the need to distinguish resilience
capacity from realized outcomes, while recognizing the importance of assets, social protection,
access to basic services, and adaptive capacity in shaping household responses to shocks
(Egamberdiev et al., 2023). Empirical studies show that stronger resilience capacity can reduce
the adverse effects of climate shocks on food consumption and household welfare (Ansah et
al., 2023). As such, resilience provides a useful analytical framework for understanding why
households exposed to similar shocks may experience markedly different welfare and nutrition

outcomes.

Taken together, the literature suggests that agriculture, climate-related risk, crop
diversification, and household resilience are closely intertwined in shaping household welfare
and child nutrition in rural settings (Ansah et al., 2023; Herrero et al., 2021; Jellason et al.,
2022; Sibhatu & Qaim, 2018). Agriculture remains the principal foundation of livelihoods and
food access, yet climate change increasingly undermines its stability. Crop diversification
constitutes one potential response to these risks, but its effects vary considerably across
households and contexts. Resilience, in turn, helps explain why similar exposures to risk may
lead to different welfare and nutrition trajectories. This broader conceptual nexus provides the
foundation for the present thesis, which examines how crop diversification and household
resilience influence household welfare, food and nutrition security, and child nutritional

outcomes in Senegal.



1.2 Problem setting and motivation

Food insecurity and malnutrition persist in many rural areas of Sub-Saharan Africa (SSA),
despite policy commitments to the right to food and decades of anti-poverty efforts (Ayala &
Meier, 2017; OHCHR, 2006; Siddiqui et al., 2020). Given that agriculture remains central to
livelihoods and rural economies, it is often treated as the main pathway to poverty reduction
and food security improvement (Hossain et al., 2024). Under recurrent shocks, however, the
key issue is whether agricultural strategies can sustain household welfare and protect child
nutrition over time, rather than merely increasing production (FAO, 2023; FSIN, 2021,
Gillespie & Bold, 2017). This question is especially salient in rain-fed systems where shock-

absorbing capacity is limited.

Senegal provides a particularly relevant setting for examining these issues. The Groundnut
Basin has historically been the country’s main agricultural production zone and has played a
central role in Senegal’s rural economy for decades. However, despite its historical importance
as a major groundnut-producing region, the area continues to experience substantial levels of
food insecurity. Results from the National Food Security, Nutrition and Resilience Survey
reveal that several departments in the Groundnut Basin record food insecurity rates above the
national average, which is about 8%. In four departments of the Basin, food insecurity rates
range between 20% and 35% (SECNSA, 2019), highlighting a striking paradox between the

region’s agricultural importance and the persistence of household food insecurity.

Households in this region are exposed to multiple and interacting shocks, including climatic
variability, production risks, and price instability, which can rapidly translate into welfare
losses (Hoogeveen et al., 2024). These vulnerabilities may also affect child nutrition,
particularly during the lean season and periods of increased disease exposure (Fanzo et al.,
2021; Shakya et al., 2024). In this context, crop diversification and household resilience are

often proposed as potential mechanisms for reducing vulnerability and improving welfare



outcomes. However, their actual effects on household welfare, food and nutrition security, and

child nutritional outcomes remain insufficiently understood in the empirical literature.

Although existing studies provide important insights, several limitations remain. While some
studies suggest that diversification can improve farm performance and food security, the
magnitude and even the direction of these effects vary considerably across contexts, production
systems, and diversification pathways (Beillouin et al., 2021; Sanchez et al., 2022; Makate et
al., 2022). Similarly, the resilience literature has advanced the conceptualization and
measurement of resilience and documented its links with food security outcomes (Béné et al.,
2023; Tasnim et al., 2025). However, these empirical findings remain difficult to translate into
clear policy recommendations, especially when analyses rely primarily on average treatment
effects and pay limited attention to heterogeneity across households (Ansah et al., 2023; Faye

et al., 2025; Sibhatu & Qaim, 2018).

Another important limitation concerns the treatment of different types of shocks. The broader
literature on agricultural risk distinguishes between covariate shocks, such as droughts and
floods that affect many households simultaneously, and idiosyncratic shocks, such as illness,
job loss, or death within the household (Ansah et al., 2019; Béné et al., 2012). However,
empirical analyses often focus more heavily on covariate climatic shocks, even though the two
types of shocks have different implications for coping strategies and policy interventions (Béné
etal., 2012; Nguyen et al., 2023). This distinction is particularly important because farm-level
strategies such as crop diversification may help households manage production-related risks,
whereas idiosyncratic shocks may require complementary support mechanisms beyond farm-

level adjustment alone (Ansah et al., 2019; Nguyen et al., 2023).

Beyond these conceptual issues, important methodological challenges remain. Crop
diversification is not randomly assigned; it is a household production decision that may be

correlated with both observed and unobserved characteristics (Abdulai, 2016; Cornelissen et



al., 2016). As a result, households that diversify their crop portfolio may differ systematically
from those that do not, complicating causal inference (Di Falco et al., 2011). Similar challenges
arise in the analysis of resilience, as resilience capacities are multidimensional and depend on
several pillars that may also influence welfare and food security outcomes (Ansah et al., 2019;
Egamberdiev et al., 2023). Consequently, empirical analyses must address potential
endogeneity and heterogeneity in resilience capacities, particularly regarding gender

differences and unequal gains across households along the resilience distribution.

In addition to these challenges, an important question concerns the relationship between
agricultural production strategies and child nutrition. Agricultural production choices may
affect child nutritional outcomes through multiple pathways, including own-consumption,
income generation, food purchases, dietary diversity, and the management of seasonal food
shortages (Lazzaroni & Wagner, 2016). Crop diversification is often reported as a nutrition-
sensitive strategy, particularly when it includes nutrient-dense crops. However, its benefits may
be nonlinear and depend on diversification thresholds (Adam & Abdulai, 2024; Adem et al.,
2018). Empirical evidence remains mixed. Some studies find positive associations between
diversification and child anthropometric outcomes, especially in areas with limited market
access, while others report weak or insignificant effects even when household dietary diversity
improves (Kumar et al., 2015; Lovo & Veronesi, 2019; Luna-gonzalez & Sgrensen, 2018).
Emerging evidence also suggests that these effects may be nonlinear and may depend on
diversification thresholds rather than on marginal increases in crop diversity alone (Adam &

Abdulai, 2024; Nguyen & Qaim, 2025).

These knowledge gaps have important policy implications. The effects of crop diversification
and resilience vary across households and contexts, which means that generalized agricultural
policies may fail to address the needs of the most vulnerable households. Likewise, when

improvements in child nutrition occur only beyond certain diversification thresholds, modest



adjustments in cropping patterns may produce limited nutrition gains unless broader structural

constraints are also addressed.

This dissertation is motivated by the need for more rigorous and policy-relevant
microeconomic evidence on these issues in rural Senegal. Using detailed household-level data
that links agricultural production, shocks, coping strategies, food and nutrition security
indicators, and child anthropometric outcomes, the study examines how crop diversification
and household resilience influence welfare and nutritional outcomes while accounting for
selection bias, heterogeneous effects, and potential nonlinearities. More specifically, this thesis
aims to address these problems through three related empirical analyses: the effects of crop
diversification on welfare and food security, the role of household resilience in food and
nutrition outcomes, and the effects of crop diversification on child nutrition. The next section

presents the specific objectives of the study.
1.3 Research objectives

The main objective of this thesis is to examine the impacts of crop diversification and
household resilience on household welfare, food and nutrition security, and child nutritional

outcomes in Senegal’s Groundnut Basin under climate-related risks.
The specific objectives are:

1. To analyze the impact of crop diversification on household welfare under climate-
related risks;

2. To assess the heterogeneous impact of household resilience on food and nutrition
security;

3. To examine the effects of different crop diversification regimes on child nutritional

outcomes.



1.4 Significance of the study

This thesis contributes to the literature in three main ways. First, it provides empirical evidence
on the welfare effects of crop diversification in a climate-risk environment, thereby advancing
understanding of how crop diversification functions as a risk management strategy in
predominantly rain-fed agricultural systems. In particular, it helps explain why the benefits of
crop diversification may differ across households, especially where constraints related to
market access, information, and resources limit adoption and generate heterogeneous returns.
Second, it examines the heterogeneous effects of household resilience on food and nutrition
security using a multidimensional resilience framework, thus moving beyond average effects
and highlighting differences across households and gender. Given that food insecurity is often
driven by overlapping shocks, this analysis provides evidence that can improve understanding
of which households benefit most from resilience capacity and which remain vulnerable in the
absence of support. Third, it examines whether the effect of crop diversification on child
nutritional outcomes is nonlinear, specifically whether nutritional gains arise only when
diversification reaches sufficiently high levels and encompasses a broader range of food

groups, rather than resulting from marginal additions to the crop portfolio.

The study is also highly relevant from a policy perspective. In countries such as Senegal, formal
risk management instruments remain limited and households largely depend on farm-based
responses. In such contexts, evidence on the welfare and nutrition effects of crop diversification
can inform the design of more realistic and better-targeted agricultural policies (Ali et al., 2020;
Adjimoti & Kwadzo, 2018; Mango et al., 2018). Likewise, a better understanding of how
resilience affects food and nutrition outcomes can support the targeting of resilience-building
interventions and social protection policies. Finally, by identifying whether child nutrition

responds differently across diversification regimes, the study contributes to ongoing debates



on how crop diversification can become more nutrition-sensitive and more effective in

improving child well-being.
1.5 Study area and data collection

The empirical analysis focuses on Senegal’s Groundnut Basin, historically the country’s most
important groundnut-producing zone (Table 1-1). The area extends over approximately 46,367
kmz2 and is characterized by a high population density, significant pressure on natural resources,
and ongoing ecosystem degradation, including declining soil fertility and depletion of woody
vegetation. According to ANSD (2021), the zone hosts about 8,640,894 inhabitants,
representing approximately 47% of Senegal’s total population. Around 60% of the population
lives in rural areas. The Groundnut Basin covers key agricultural regions including Kaolack,

Diourbel, Fatick, and Kaffrine, and parts of Thies, Louga, and Koumpentoum.

Agriculture in the Groundnut Basin is predominantly rain-fed, with groundnuts and millet as
the main crops. The growing season generally extends from June to October, and agricultural
production is largely carried out by family-based smallholder farms. Agricultural income
accounts for approximately 75% of total household income in the area (Sembene et al., 2025).
In addition to crop farming, some households also engage in livestock production and small-

scale fishing, depending on location.

This thesis uses cross-sectional household data from the 2019 National Food Security,
Nutrition and Resilience Survey (ENSANR 2019), conducted by the Executive Secretariat of
the National Council for Food Security (SE-CNSA). Data were collected between January and
February 2019 using a multistage, stratified sampling design. In the first stage, census districts
were selected through systematic sampling with probability proportional to size within each

department/stratum, stratified by place of residence (urban/rural), with sample allocation



proportional to population size. In the second stage, 16 households were selected in each

sampled district using systematic random sampling.

Table 1-1: Characteristics of the Groundnut Basin

Climatic and environmental

L . Demograph description . Agricultural Climate
Administrative grapny P Soil types g .
division and land Mean practices change
area Tempe ) Vegetation Vulnerability
rainfall
rature
Tropical Drought
p_ Cash crops: g
ferruginous Ecosystem
) groundnut .
soils degradation
. Food crops: .
(dominant); i . Soil
Densely 500 mm millet, maize, o
Hydromorp acidification
populated L sorghum etc. L
. . hic soils . Salinisation of
Regions of Thies, 8,640,894 . Horticulture
) . Dominated (rare); i water tables
Diourbel, Fatick 47% of the . . Livestock L )
. by acacias Lithosols Marine invasion
and Kaolack national i Small-scale .
. Degradatio (rare); . (Saloum River)
and population fishing .
29 °C n due to Mudflats Destruction of
Departments of Surface area . (Mbour,
agriculture (rare); mangroves
Louga, Kebemer 46,367 km? i Kayar, Joal) )
and Ferruginou Coastal erosion.
and 57% of arable . 65% of the
drought s soils .
Koumpentoum land (rare) population
60% live in practices rain-
rural areas fed agriculture
Severely
Agro-pastoral .
degraded High
i systems .
soils vulnerability

Source: Authors’ compilation based on ANSD, CSE, CSAO-CILSS, ISRA, World Bank data

At the national level, the survey interviewed 7,847 households across 14 regions and 45

departments, ensuring representativeness for key major household indicators at the department

level and by area of residence. For this dissertation, the analysis focuses on a subsample of

approximately 3,010 households from 19 departments in the Senegalese Groundnut Basin,

including 2,442 male-headed and 568 female-headed households. ENSANR provides detailed

information on household demographics and living conditions, livelihoods and agricultural

production, food security and nutrition indicators, income and expenditures, shocks and coping
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strategies, and resilience-related capacities. Importantly, it also includes anthropometric
measurements for children aged 0-59 months and women of reproductive age, making it
particularly suitable for analyzing nutritional outcomes in children. Although all empirical
chapters rely on the 2019 ENSANR survey, the final analytical samples differ across chapters

according to the specific research objectives and data requirements.
1.6 Structure of the thesis

This dissertation is organized into five chapters. Chapter One presents the general introduction,
including background information, problem setting, research objectives, significance of the
study, study area, data, and the overall structure of the thesis. Chapters Two to Four consist of
three empirical essays addressing the core research questions on crop diversification,

household resilience, welfare, and child nutrition in Senegal.

Chapter Two examines the impact of crop diversification on rural household welfare under
climate-related risks in Senegal’s Groundnut Basin, with particular attention to heterogeneity
in welfare gains. Chapter Three analyzes the role of household resilience capacity in shaping
food and nutrition security outcomes. Using the FAO Resilience Index Measurement and
Analysis Il (RIMA-I11) framework, it investigates both heterogeneous and nonlinear effects,
including differences by gender of household head. Chapter Four investigates the effects of
different crop diversification regimes on child nutritional outcomes, with particular focus on
anthropometric indicators such as height-for-age z-scores (HAZ), weight-for-height z-scores
(WHZ), and weight-for-age z-scores (WAZ). It also examines whether nutritional gains are

associated with higher levels of diversification.

Finally, Chapter Five synthesizes the main findings, draws the overall conclusions, and

discusses the policy implications of the study.

11



References

Abdulai, A. N. (2016). Impact of conservation agriculture technology on household welfare in
Zambia. Agricultural Economics, 47(6), 729—741. https://doi.org/10.1111/agec.12269

Adam, B., & Abdulai, A. (2024). Heterogeneous impact of crop diversification on farm net
returns and risk exposure: Empirical evidence from Ghana. Canadian Journal of
Agricultural Economics, January, 72 (4), 1-19. https://doi.org/10.1111/cjag.12360

Adem, M., Tadele, E., Mossie, H., & Ayenalem, M. (2018). Income diversification and food
security situation in Ethiopia: A review study. Cogent Food and Agriculture, 4(1), 1-17.
https://doi.org/10.1080/23311932.2018.1513354

Adjimoti, G. O., & Kwadzo, G. T. M. (2018). Crop diversification and household food security
status: Evidence from rural Benin. Agriculture and Food Security, 7(1), 1-12.
https://doi.org/10.1186/s40066-018-0233-x

Ali, W., Abdulai, A., & Mishra, A. K. (2020). Recent advances in the analyses of demand for
agricultural insurance in developing and emerging countries. Annual Review of Resource
Economics, 12, 411-430. https://doi.org/10.1146/annurev-resource-110119-025306

Ansah, I. G. K., Gardebroek, C., & lhle, R. (2019). Resilience and household food security: a
review of concepts, methodological approaches and empirical evidence. Food Security,
11(6), 1187-1203. https://doi.org/10.1007/s12571-019-00968-1

Ansah, I. K., Hundie, G., Manda, J., Muthoni, F., & Azzarri, C. (2023). Mediation and
moderation roles of resilience capacity in the shock — food-security nexus in northern
Ghana. Ecological Economics, 211, 107894.
https://doi.org/10.1016/j.ecolecon.2023.107894

ANSD. (2021). Enquéte Harmonisée sur les Conditions de Vie des Ménages (EHCVM) au
Sénégal. Vol. 26, 181. ANSD.

Antwi-agyei, P., Mawuli, E., John, A., & Baffour-ata, F. (2022). Regional Sustainability
Motivations , enablers and barriers to the adoption of climate-smart agricultural practices
by smallholder farmers: Evidence from the transitional and savannah agroecological
zones of Ghana. Regional Sustainability, 2(4), 375-386.
https://doi.org/10.1016/j.regsus.2022.01.005

Asfaw, S., Scognamillo, A., Caprera, G. Di, Sitko, N., & Ignaciuk, A. (2019). Heterogeneous

12



impact of livelihood diversification on household welfare: Cross-country evidence from
Sub-Saharan Africa. World Development, 117, 278-295.
https://doi.org/10.1016/j.worlddev.2019.01.017

Ayala, A., & Meier, B. M. (2017). A human rights approach to the health implications of food
and nutrition insecurity. Public Health Reviews, 38(2), 1-22.
https://doi.org/10.1186/s40985-017-0056-5

Azadi, H., Movahhed, S., Burkart, S., Mahmoudi, H., Passel, S. Van, Kurban, A., & Lopez-
carr, D. (2021). Rethinking resilient agriculture : From Climate-Smart Agriculture to
Vulnerable-Smart Agriculture. Journal of Cleaner Production, 319(July), 128602.
https://doi.org/10.1016/j.jclepro.2021.128602

Beillouin, D., Ben-, T., Malézieux, E., Seufert, V., & Makowski, D. (2021). Positive but
variable effects of crop diversification on biodiversity and ecosystem services. March,
4697-4710. https://doi.org/10.1111/gcb.15747

Béné, C., Devereux, S., & Sabates-Wheeler, R. (2012). Shocks and social protection in the
Horn of Africa: analysis from the Productive Safety Net programme in Ethiopia. In IDS
Working  Papers (Vol. 2012, Issue 395). https://doi.org/10.1111/j.2040-
0209.2012.00395.x

Béné, C., Frankenberger, T. R., Nelson, S., Alexander, M., Gregory, C., Langworthy, M., &
Fox, K. (2023). Food system resilience measurement : principles , framework and caveats.

Food Security, 1437-1458. https://doi.org/10.1007/s12571-023-01407-y

Chavas, J. P., Rivieccio, G., Di Falco, S., De Luca, G., & Capitanio, F. (2022). Agricultural
diversification, productivity, and food security across time and space. Agricultural
Economics, 53(July), 41-58. https://doi.org/10.1111/agec.12742

Cornelissen, T., Dustmann, C., Raute, A., & Schonberg, U. (2016). From LATE to MTE:
Alternative methods for the evaluation of policy interventions. Labour Economics, 41,
47-60. https://doi.org/10.1016/j.labeco.2016.06.004

Coromaldi, M., Pallante, G., & Savastano, S. (2015). Adoption of modern varieties, farmers’
welfare and crop biodiversity: Evidence from Uganda. Ecological Economics, 119, 346—
358. https://doi.org/10.1016/j.ecolecon.2015.09.004

Egamberdiev, B., Bobojonov, I., Kuhn, L., & Glauben, T. (2023). Household resilience

13



capacity and food security: evidence from Kyrgyzstan. Food Security, 15(4), 967-988.
https://doi.org/10.1007/s12571-023-01369-1

Fanzo, J., Bellows, A. L., Spiker, M. L., Thorne-lyman, A. L., & Bloem, M. W. (2021). The
importance of food systems and the environment for nutrition. The American Journal of
Clinical Nutrition, 113(1), 7-16. https://doi.org/10.1093/ajcn/nqaa313

FAO, IFAD, UNICEF, W. and W. (2023). The State of Food Security and Nutrition in the
World 2023. Urbanization, agrifood systems transformation and healthy diets across the
rural-urban continuum. Rome, FAO. https://doi.org/10.4060/cc3017en.

Faye, A., Abdulai, A., Ali, W., & Abbey, G. (2025). Climate Variability , Crop Diversification
and Rural Household Welfare: Evidence From Senegal. Australian Journal of
Agricultural and Resource Economics, March. https://doi.org/10.1111/1467-8489.70001

FSIN. (2021). Global Report on Food Crises 2021. Food Security Information Network, 1-202.
https://www.wfp.org/publications/2020-global-report-food-crises

Furtak, K., & Wolinska, A. (2023). The impact of extreme weather events as a consequence of
climate change on the soil moisture and on the quality of the soil environment and
agriculture - A review. Catena, 231(February).
https://doi.org/10.1016/j.catena.2023.107378

Gillespie, S., & Bold, M. Van Den. (2017). Agriculture , Food Systems , and Nutrition :
Meeting the Challenge. Global Challenges. https://doi.org/10.1002/gch2.201600002

Herrero, M., Thornton, P. K., Croz, D. M., Palmer, J., Bodirsky, B. L., Pradhan, P., Barrett, C.
B., Benton, T. G., Hall, A., Pikaar, I., Bogard, J. R., Bonnett, G. D., Bryan, B. A,,
Campbell, B. M., Christensen, S., Clark, M., Fanzo, J., Godde, C. M., Jarvis, A., ...
Rockstrom, J. (2021). Personal View Articulating the effect of food systems innovation
on the Sustainable Development Goals. The Lancet Planetary Health, 5(1), 50-62.
https://doi.org/10.1016/S2542-5196(20)30277-1

Hoogeveen, A. C., Sutanudjaja, E. H., Falconnier, G. N., Beek, R. Van, Wanders, N., Bierkens,
M. F. P., & Hoch, J. M. (2024). A novel approach to include small reservoirs into a global
hydrological model : Assessing its potential to reduce the agricultural water gap of
smallholder farmers in Senegal. Journal of Hydrology: Regional Studies, 56(November),
102074. https://doi.org/10.1016/j.ejrh.2024.102074

14



Hossain, M., Mendiratta, V., & Savastano, S. (2024). Agricultural and rural development
interventions and poverty reduction : Global evidence from 16 impact assessment studies.
Global Food Security, 43(February), 100806. https://doi.org/10.1016/j.9fs.2024.100806

IPCC. 2022. “Summary for Policymakers.” In Climate Change 2022: Impacts, Adaptationand
Vulnerability. Contribution of Working Group Il to the Sixth Assessment Report of the
Intergovernmental Panelon Climate Change, edited by H.-O. Portner, D. C. Roberts, E. S.
Poloczanska, et al., 3-33. Cambridge University Press.
https://doi.org/10.1017/9781009325844.001

Jellason, N. P., Salite, D., Conway, J. S., & Ogbaga, C. C. (2022). A systematic review of
smallholder farmers * climate change adaptation and enabling conditions for knowledge
integration in Sub-Saharan African ( SSA ) drylands. Environmental Development,
43(June), 100733. https://doi.org/10.1016/j.envdev.2022.100733

Jones, A. D. (2017). Critical review of the emerging research evidence on agricultural
biodiversity, diet diversity, and nutritional status in low- and middle-income countries.
Nutrition Reviews, 75(10), 769—782. https://doi.org/10.1093/nutrit/nux040

Khonje, M. G., Ricker-gilbert, J., Muyanga, M., & Qaim, M. (2022). Articles Farm-level
production diversity and child and adolescent nutrition in rural sub-Saharan Africa: a
multicountry , longitudinal study. The Lancet Planetary Health, 6(5), €391-e399.
https://doi.org/10.1016/S2542-5196(22)00071-7

Kumar, N., Harris, J., & Rawat, R. (2015). If They Grow It , Will They Eat and Grow ?
Evidence from Zambia on Agricultural Diversity and Child Undernutrition. The Journal
of Development Studies, September. https://doi.org/10.1080/00220388.2015.1018901

Lazzaroni, S., & Wagner, N. (2016). Economics and Human Biology Misfortunes never come
singly : Structural change , multiple shocks and child malnutrition in rural Senegal.
Economics and Human Biology, 23, 246-262. https://doi.org/10.1016/j.ehb.2016.10.006

Lovo, S., & Veronesi, M. (2019). Crop Diversi fi cation and Child Health : Empirical Evidence
From Tanzania. Ecological Economics, 158(December 2018), 168-179.
https://doi.org/10.1016/j.ecolecon.2019.01.005

Luna-gonzalez, D. V, & Sgrensen, M. (2018). Higher agrobiodiversity is associated with

improved dietary diversity , but not child anthropometric status , of Mayan Achi people

15



of Guatemala. Public Health Nutrition, 21(11), 2128-2141.
https://doi.org/10.1017/S1368980018000617

Magesa, B. A., Mohan, G., Matsuda, H., Melts, 1., & Kefi, M. (2023). Understanding the

2

farmers * choices and adoption of adaptation strategies , and plans to climate change
impact in Africa: A systematic review. Climate Services, 30(October 2022), 100362.

https://doi.org/10.1016/j.cliser.2023.100362

Makate, C., Angelsen, A., Terje, S., & Tveitereid, O. (2022). Crops in crises : Shocks shape
smallholders ’ diversification in rural Ethiopia. World Development, 159, 106054.
https://doi.org/10.1016/j.worlddev.2022.106054

Mango, N., Makate, C., Mapemba, L., & Sopo, M. (2018). The role of crop diversification in
improving household food security in central Malawi. Agriculture and Food Security,
7(1), 1-10. https://doi.org/10.1186/s40066-018-0160-x

Nguyen, D. L., Thanh, T., & Ulrike, N. (2023). Shocks, household consumption, and livelihood
diversification: a comparative evidence from panel data in rural Thailand and Vietnam.
Economic Change and Restructuring, 56(5), 3223-3255. https://doi.org/10.1007/s10644-
022-09400-9

Nguyen, T., & Qaim, M. (2025). Local and regional food production diversity are positively
associated with household dietary diversity in rural Africa. Nature Food, 6(February).
https://doi.org/10.1038/s43016-024-01096-6

NKkegbe, P. K., Abu, B. M., & Issahaku, H. (2017). Food security in the Savannah Accelerated
Development Authority Zone of Ghana : an ordered probit with household hunger scale

approach. Agriculture & Food Security, 1-11. https://doi.org/10.1186/s40066-017-0111-
y

Ochieng, J., Knerr, B., Owuor, G., & Ouma, E. (2020). Food crops commercialization and
household livelihoods: Evidence from rural regions in Central Africa. Agribusiness, 36(2),
318-338. https://doi.org/10.1002/agr.21619

OHCHR, O. of the U. N. H. C. for H. R. (2006). The Right to adequate food. Fact Sheet No.
34. 41987, 1-49.

Rosenzweig, C., Elliott, J., Deryng, D., Ruane, A. C., Miller, C., & Arneth, A. (2014).
Assessing agricultural risks of climate change in the 21st century in a global gridded crop

16



model intercomparison. Proc Natl Acad, 111(9), 4-9.
https://doi.org/10.1073/pnas.1222463110

Saleem, A., Anwar, S., Nawaz, T., Fahad, S., Saud, S., Ur Rahman, T., Khan, M. N. R,, &
Nawaz, T. (2024). Securing a sustainable future: the climate change threat to agriculture,
food security, and sustainable development goals. Journal of Umm Al-Qura University
for Applied Sciences, 0123456789. https://doi.org/10.1007/s43994-024-00177-3

Sanchez, A., Kamau, H. N., Grazioli, F., & Jones, S. K. (2022). Financial profitability of
diversified farming systems: A global. Ecological Economics, 201(April).
https://doi.org/10.1016/j.ecolecon.2022.107595

Schneider, K. R., Paula, A., Campos, D. O., Cavatassi, R., & Davis, B. (2024). Resilient and
inclusive rural transformation in sub-Saharan Africa under climate , demographic , and

social change : Challenges and opportunities for income growth and job creation. Global

Food Security, 43(October 2024), 100815. https://doi.org/10.1016/j.gfs.2024.100815

Sembene, M., Mills, B., & Gupta, A. (2025). Economic costs of extreme heat on groundnut
production in the Senegal Groundnut Basin. Food Policy, 136(October), 102970.
https://doi.org/10.1016/j.foodpol.2025.102970

Shakya, K. S., Bevis, L., Heidkamp, R. A., & Thorne-lyman, A. L. (2024). How Does Survey
Timing In fl uence Apparent Wasting Trends ? A Case Study from Senegal. Current
Developments in Nutrition, 104480. https://doi.org/10.1016/j.cdnut.2024.104480

Sibhatu, K. T., Krishna, V. V, & Qaim, M. (2015). Production diversity and dietary diversity
in smallholder farm households. National Academy of Sciences, 2015(29), 10657—-10662.
https://doi.org/10.1073/pnas.1510982112

Sibhatu, K. T., & Qaim, M. (2018). Review : Meta-analysis of the association between
production diversity , diets , and nutrition in smallholder farm households. Food Policy,
77(April), 1-18. https://doi.org/10.1016/j.foodpol.2018.04.013

Siddiqui, F., Salam, R. A., Lassi, Z. S., & Das, J. K. (2020). The Intertwined Relationship
Between Malnutrition and Poverty. Frontiers in Public Health, 8(August), 1-5.
https://doi.org/10.3389/fpubh.2020.00453

Stuch, B., Alcamo, J., & Schaldach, R. (2021). Projected climate change impacts on mean and

year-to-year variability of yield of key smallholder crops in Sub-Saharan Africa. Climate

17



and Development, 13(3), 268-282. https://doi.org/10.1080/17565529.2020.1760771

Tasnim, 1., Igbal, A., Begum, I. A., & Alam, M. J. (2025). Household resilience and its role in
sustaining food security in rural Bangladesh. PLoS One, 20(9), 1-18.
https://doi.org/10.1371/journal.pone.0332868

Thiede, B. C., & Strube, J. (2020). Climate variability and child nutrition : Findings from sub-
Saharan Africa. Global Environmental Change, 65(December 2019), 102192.
https://doi.org/10.1016/j.gloenvcha.2020.102192

Toromade, A. S., Deborah Aanuoluwa Soyombo, Eseoghene Kupa, & Tochukwu Ignatius
ljomah. (2024). Reviewing the impact of climate change on global food security:
Challenges and solutions. International Journal of Applied Research in Social Sciences,
6(7), 1403-1416. https://doi.org/10.51594/ijarss.v6i7.1300

Wudil, A. H., Usman, M., Rosak-szyrocka, J., & Pila”, L. (2022). Reversing Years for Global
Food Security : A Review of the Food Security Situation in Sub-Saharan Africa ( SSA ).
International Journal of Environmental Research and Public Health, 19(14836). https://
doi.org/10.3390/ijerph192214836 Academic

Zakaria, A., Baanni, S., Appiah-twumasi, M., & Dagunga, G. (2020). Technology in Society
Adoption of climate-smart agricultural practices among farm households in Ghana : The
role of farmer participation in training programmes. Technology in Society, 63(April),
101338. https://doi.org/10.1016/j.techsoc.2020.101338

18



Chapter Two

Climate Variability, Crop Diversification and Rural Household Welfare: Evidence from
Senegal

Adama Faye!, Awudu Abdulail, Williams Ali!, Georges A. Abbey?
!Department of Food Economics and Consumption Studies, University of Kiel, Kiel, Germany

2Department of Agricultural Economics and Agribusiness Management, University of Lome, Lome, Togo

Published in Australian Journal of Agricultural and Resource Economics
Abstract

In this study, we investigate the impacts of crop diversification on food and nutrition
security as well as poverty levels among rural households, using farm-level data from Senegal.
We use the Marginal Treatment Effect (MTE) approach that not only account for selectivity
bias from both observed and unobserved attributes, but also accounts for heterogeneity in the
treatment effects among farming households. The empirical results reveal that farmers with
higher propensity to adopt crop diversification gain more in terms of their food security status
and poverty reduction status even under climatic shocks, compared to their lower propensity
counterparts. Furthermore, the results from our Policy Relevant Treatment Effects (PRTES)
analysis reveal that policies and interventions aimed at engineering connections among farmers
to improve information flow are important in the adoption of crop diversification. In particular,
social interaction-oriented policies such as workshops and seminars can increase the adoption
of crop diversification strategy, which would eventually lead to improved household food and
nutrition security and reduced poverty levels. The findings also suggest that leveraging crop
diversification as a climate risk coping strategy can contribute to poverty alleviation and

improved food security of rural farm households.

Keywords: crop diversification, climate-related risk, food and nutrition security, poverty,

marginal treatment effects
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2.1 Introduction

Food insecurity remains a problem for many sub-Saharan African (SSA) countries, despite
domestic and international efforts made in addressing this problem. For example, in 2022,
twelve percent of SSA’s population were projected to be acutely food insecure and suffering
from high malnutrition (Baptista & Farid, 2022). The worsening climatic condition has been
recognized as one of the fundamental factors intensifying food insecurity throughout SSA,
contributing to low per capita income growth and high poverty levels (Baptista & Farid, 2022).
Available evidence suggests that over the past half-century, climate change and variability have
had a deleterious impact on agricultural productivity. Sam et al. (2021) in a simulation exercise
for example, found that rising temperatures are likely to significantly reduce cereal yields in
low-income countries, with a consequent increase in household poverty. A recent report by the
Intergovernmental Panel on Climate Change (IPCC, 2022) rightly attributes the increased
global humanitarian interventions to worsening climatic conditions. These effects of climate
change are expected to increase the incidence of poverty, and further widen the income

inequality (IPCC, 2022).

In the absence of relevant policy interventions to address the projected increases in frequency
and intensity of climate-related shocks, the livelihoods of numerous smallholder farmers’ in
developing and emerging economies are seriously at risk (Chavas et al., 2022; Issahaku &
Abdulai, 2020). In response to these welfare implications, measures to mitigate and adapt to
climate-related risks have become crucial to the extent that they have been mainstreamed into
numerous development and food security policies. Researchers and policymakers have
attempted to address climate-related shocks by proposing formal means such as the
development of agricultural insurance. However, the problem of information asymmetry has
led to missing agricultural insurance markets in most developing and emerging economies (Ali

et al., 2020). To adapt to climate shocks, many farmers rely on informal means such as crop
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diversification, changes in the cropping calendar (early or late planting), drought-resilient
varieties, crop rotation and soil and water conservation measures (Adjimoti & Kwadzo, 2018;

Mango et al., 2018).

In particular, crop diversification remains a very widely used practice by farmers to cope with
climate change and variability. By diversifying crops, farming households can spread
production and economic risks over a greater number of crops, reducing their economic
vulnerabilities from adverse climatic and market conditions (Tesfaye & Tirivayi, 2020). When
farming households diversify their crops or income sources, they tend to raise their level of
food and nutrition security through a higher portfolio of crop varieties (Adem et al., 2018;
Adam and Abdulai, 2024). Adoption of crop diversification is an important means of increasing
food security and reducing poverty. A growing body of evidence has reported that crop
diversification could be leveraged by smallholder farmers in their climate adaptation strategies
to stabilize farm households’ incomes (Auffhammer & Carleton, 2018; Moniruzzaman, 2019;
Issahaku and Abdulai, 2019). Given the increasing relevance of crop diversification as an
adaptation strategy as well as the increasing exposure of agriculture in Senegal to worsening
climate variability, the crop diversification strategy has been highlighted as a major part of the

national climate change adaptation strategy (CDN, 2020).

Agriculture in Senegal, like most other SSA countries, is primarily rain-fed, with only about
6% of agricultural land under irrigation (World Bank, 2016). It employs more than 70% of the
workforce, contributing about 17% to the national gross domestic product (GDP)
(CIAT;BFS/USAID 2016). The relevant role agriculture plays in Senegal’s economy and the
livelihoods of the poor are under serious threat from the increasing temperature and erratic
rainfall, if remedial efforts are not put in place. Further exacerbating the worsening climatic
conditions is the increasing population growth rate of about 2.7% per annum. Moreover, the

recent spikes in rural-urban migration is having deleterious impact on the farming households’
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welfare (UN 2020). Between 2014 and 2019, nearly a million farming households were
exposed to varying degrees of food and nutrition security (SE/CNSA, 2019). Senegal's
Groundnut Basin still has a high rate of food insecurity. Senegal’s average national rate of food
insecurity is approximately 8%, according to the 2019 national food security, nutrition, and
resilience survey. However, there is a higher average percentage of food insecurity in the
Groundnut Basin, ranging from 20 to 35%. According to the national statistics, 81% of
households are below the poverty level (ANSD, 2021). The hostile agro-environment and other
structural economic challenges have been reported to have driven about 54% of the rural
population below the poverty line (ANSD, 2021). Crop diversification could offer the

appropriate leverage to be harnessed in addressing these welfare challenges.

While increasingly research on crop diversification has been gaining attention in recent times,
most studies have focused on the drivers and impacts of adoption of crop diversification under
covariate climate shocks, that is, shocks that affect entire communities or regions such as
droughts or floods, (Adjimoti & Kwadzo, 2018; Mango et al., 2018; Mulwa & Visser, 2020;
Shahzad & Abdulai, 2021) without investigating their impacts under individual-specific
idiosyncratic shocks that affect individual households (e.g., illness, job loss or death). These
shocks require targeted support, such as social safety nets or health insurance, which
complement crop diversification. Ignoring idiosyncratic shocks may lead to an incomplete
understanding of household vulnerability, as some households may face more acute food
insecurity (Béné et al., 2012) or poverty due to personal crises that crop diversification alone
cannot solve. Investigating the role of crop diversification under both idiosyncratic and
covariate shocks is crucial in informing policy initiatives that are capable of holistically
addressing them, because of the marked heterogeneity in the extent to which crop

diversification could vary in terms of its effectiveness under these different shocks.
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Previous studies have investigated the impact of crop diversification on welfare of rural
households using quasi-experimental methods such as the propensity score matching (PSM)
and the endogenous switching regression (ESR) (Ochieng et al., 2020). Although these
methods rely on instruments for the purposes of identification, there are some limitations to
their application. The PSM approach, for example, does not account for selection bias from
unobserved factors ( Khonje et al., 2018). Endogenous Switching Regression (ESR) on the
contrary, addresses the selection bias from both observed and unobserved factors but
aggregates the unobserved heterogeneity. A major limitation of aggregating the unobserved
heterogeneity, however, is our inability to gain insights into the heterogeneous impacts of crop
diversification on welfare indicators across farming households (Cornelissen et al., 2016).
Applying the marginal treatment effect (MTE) approach accounts for potential endogeneity
arising from both observed and unobserved attributes, as well as providing insights into their
heterogeneous impacts across farming households. Finally, the MTE framework enables us to
simulate the policy-relevant treatment of welfare indicators and important policy implications
regarding the distributive effects of crop diversification. By quantifying the impact of crop
diversification on farming households’ welfare indicators, we are able to provide evidence-
based research findings to inform policy decisions and guide the design of targeted
interventions to bolster climate resilience and promote sustainable agricultural practices in

Senegal.

In this study, we contribute to the empirical literature by investigating the impact of crop
diversification on households’ food and nutrition security status and poverty indicators. Food
and nutrition security indicators such as Household Dietary Diversity Score (HDDS) and
Reduced Coping Strategies Index (rCSl) are applied. The level of poverty is measured by
poverty headcount and poverty gap. Specifically, we use data on 1,436 farming households

collected under the National Food Security, Nutrition and Resilience Survey, conducted by

23



Executive Secretariat of National Council for Food Security (SE/CNSA) in Senegal. Our
findings show that not only does crop diversification improve both food and nutrition security,

but it also decreases the incidence and level of poverty.

The rest of the paper is structured as follows: we provide an overview of the literature on crop
diversification and climate resilience in Section 2.2. While Section 2.3 presents the
methodology and data sources used in the analysis. The study area and descriptive statistics are
presented in Section 2.4. Finally, we present the results and discuss the policy implications of
our research and outline potential avenues for future research in Sections 2.5 and 2.6,

respectively.
2.2 Related literature

In response to increasingly severe climatic challenges, farming households are turning to
adaptive strategies like crop diversification and livelihood diversification. These approaches
are increasingly being used to minimize their vulnerability to climate shocks and strengthen
food and nutritional security in the face of climate unpredictability. Ellis (1998) defines
diversification as “the process by which households construct a diverse portfolio of activities
and social support capabilities in order to survive and to improve their standards of living.”
Crop diversification specifically refers to the practice of cultivating more than one variety of
crop, either from the same or different species, on a given area (Makate et al., 2016). Farmers
engage in diversification not only as a risk mitigation strategy, but also to enhance financial
returns (Adam and Abdulai, 2024)). Adaptation measures in agriculture, such as using drought-
resistant seeds and spreading risks across different types of crops, have been found beneficial
for improving soil fertility and enhancing household dietary diversity (Mulwa & Visser, 2020).
However, despite these efforts, the risks posed by climate variability both idiosyncratic

(household-specific) and covariate (region-wide or systemic) are insufficiently addressed in
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the literature, limiting a nuanced understanding of how such shocks differentially impact

households.

While crop diversification is recognized as a resilience strategy, the literature largely overlooks
how households cope with or adapt to idiosyncratic versus covariate shocks. For example, poor
farming households, anticipating covariate shocks like droughts, often opt for less risky
portfolios to avoid long-term damage (Mulwa & Visser, 2020). The failure to distinguish
between these two types of shocks leaves a critical gap in comprehending how diversification
protects households against localized risks like illness or crop failure versus widespread risks
such as droughts that affect entire communities. Climate change, combined with degrading
soils due to over-farming, puts households in Senegal's Groundnut Basin in a precarious
position (Sall, 2015), but without proper disaggregation of shock types, the efficacy of

adaptation strategies remains unclear.

The mixed findings in the literature on crop diversification and household welfare outcomes
further emphasize the need for further research to fill this gap. Some studies report that crop
diversification can lead to food and nutrition insecurity, arguing that managing multiple crops
may overwhelm households, thus reducing productivity and farm income, leading to food
insecurity (Nkegbe et al., 2017). On the other hand, others highlight its benefits, with crop
diversification shown to positively correlate with household food security and dietary diversity
(Adjimoti & Kwadzo, 2018). In countries like Ethiopia and Zimbabwe, crop diversification has
been found to reduce production risk and boost household food security (Makate et al., 2016;
Mango et al., 2018). However, these studies do not sufficiently differentiate how these

outcomes are influenced by the different types of shocks faced by households.

In terms of poverty reduction, studies have shown that crop diversification can reduce the
likelihood of poverty by stabilizing incomes and reducing vulnerability to single-crop failures

(Asfaw et al., 2019; Jones, 2017). Households cultivating a range of crops are found to be more
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resilient to shocks and less likely to fall into poverty (Sakho-Jimbira & Benoit-cattin, 2007).
Nevertheless, negative relationships between diversification and income have also been
documented (Coromaldi et al., 2015). Some research attributes lower incomes among
diversified households to limited market access and lack of resources to manage multiple crops
effectively (Coromaldi et al., 2015). This underscores the need to better understand how crop
diversification interacts with specific local contexts, particularly in relation to idiosyncratic and

covariate shocks.

Given the mixed and inconclusive evidence and the current gap in understanding the role of
different types of shocks, this study makes a crucial contribution to the empirical literature. By
explicitly focusing on how idiosyncratic and covariate shocks influence the outcomes of crop
diversification in rural Senegal, this research contributes to a more comprehensive
understanding of the resilience strategies of rural households. The study aims to fill this gap by
exploring how these shocks impact household welfare and to what extent crop diversification
can offer some resilience against these distinct types of shocks. In doing so, it will contribute
to more effective policy interventions that can be tailored to the specific needs of households
facing localized and systemic unfavorable production conditions.

2.3 Methodology

2.3.1 Analytical framework

In this section, we present a simple framework to illustrate how the adoption of crop
diversification impacts on household welfare, using the marginal treatment effect (MTE)
model. As widely acknowledged in the empirical literature, potential endogeneity arising from
selection bias presents a major challenge to research that relies on observational data. That is,
participation in crop diversification and outcome variables such as food and nutrition security
(e.g., HDDS) and measures of poverty could be jointly determined. The MTE framework does

not only address potential endogeneity arising from selection bias, but also accounts for both
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observed and unobserved heterogeneity. We consider a risk-neutral farmer who derives net
benefits 9,; from crop diversification and net benefits from non-diversification represented as
Iy;. A farmer will only diversify if the net benefits from diversifying exceeds that from not

diversifying. Thus, the farmer adopts crop diversification if 9p;>9y;.
If we represent net benefits from diversifying as D,

Upi - Ini=D; (1)
The farmer will only adopt when the net benefits is positive: D;>0

The expected net benefit of diversification is however not observed. What is observed is
whether the farmer adopts crop diversification or not. The expected net benefit, which is
captured by the latent variable, D;, can be expressed as a function of observed characteristics,

X;, such as sex, age, education level of the farmer, household size, and so forth in equation (2)

below:
D; = Bp(X) —V; (2)
D;=1if D} =0 and D;=0 otherwise, where D;, is the observed treatment indicator, taking the

value 1 for adopters and 0 for non-adopters; S, (X,) represents the parameters and observable

characteristics that drives the treatment indicator. In the MTE literature, the error term V; which
represents the resistance to adoption of crop diversification, enters the selection equation with
a negative sign as shown in equation (2). Higher values of the unobserved resistance to the
treatment, V; , decrease the expected net benefit from participation, suggesting that farmers will

be less likely to adopt crop diversification.

In the potential outcome equations, we can express Y;; and Y,; as outcomes for adopters and

non-adopters of crop diversification, respectively:
Yoi :ﬂoi(xi)+50i Yii :ﬂli(xi)+51i 3
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where &,; and &;; are unobserved characteristics, and £,(X;) and B,(X;) represent observed

characteristics for adopters and non-adopters, respectively. The difference in outcomes

between adopters and non-adopters is therefore expressed as:
Y1' _YOi = Xi (:Bli _:BOi)+(51i _50i) (4)

If participation in crop diversification was random, we could have found the impacts by just
estimating equation (4). However, the use of observational data, as it is in the present study, in
estimating equation (2) will produce biased and inconsistent estimates, because the error terms
of the selection equation (2) and the outcome equation (3) are likely to be correlated, given that
farmers were not randomly assigned to the treatment (i.e. crop diversification adoption). Those
who adopted crop diversification are likely to be systematically different from those who did
not adopt, leading to potential endogeneity problems from sample selection bias. If not properly

addressed, this can lead to biased and inconsistent estimates.

We use the instrumental variable approach to address the potential endogeneity problem. To
identify the model, we employ the peer effect approach. Peer effects is defined as the share of
farmers in a community who have adopted crop diversification, excluding the household under
consideration. As noted by Sampson & Perry, (2018), a farmer's decision to participate in crop
diversification is likely to be strongly influenced by the participation rates of neighboring
farmers. However, the adoption of crop diversification by peers does not directly influence the
outcome variables (food security and poverty indicators). The theoretical underpinning is clear:
peer effects play a significant role, as an increase in the number of farmers’ adoption of crop
diversification within a village enhances the likelihood of other farmers joining. Farmers may
either copy the behaviour of their peers or learn about the benefits of crop diversification from
them (Abdulai, 2023). Building on prior research (e.g. Che et al., 2022; Kolady et al., 2021,

Steinhtbel et al., 2020), peer effects in this context are measured by calculating the average
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share of farmers adopting crop diversification among households, excluding the one being

considered. Specifically, peer effects are computed as n/(m—1), where n is the number of a

farmer's peers adopting crop diversification in a given community, and m represents the total

number of households surveyed in that community.

From equation (2), if the net benefits from crop diversification are positive, thatis g, (X;)>V,

,then D, =1[D >0]=1[A,(X,)>V,]. We can now apply the cumulative density function
(CDF) to both sides of the inequality to transform them, with the second term being @ (V, ) =U,,

,and the first, (3, (X, )) expressed as:

P(X;)=P(D,=1Z)=®(U(x)) D,=1[D>0]=1[P(X;)2Uy ] (5)

where P(X;) is the propensity score, Up, is the quantile of resistance to adoption of crop

diversification, Z; is the set of observables including the instrumental variable, @ is the CDF

function used for the transformation. From eqn. (4), heterogeneity in the treatment effects

emanates from the observed portion, X; (4, — f3,), and the unobserved part (&, —&, ). An
important feature of the MTE framework is allowing for correlation between the unobserved
gains from adoption (s, —&,;) and the unobserved attributes that affect selection V;. A given
farmer with observed attributes X = x, and belonging to the ujth quantile of V distribution
will have a propensity score P(Z)=U, . This farmer is therefore indifferent between adopting

and not adopting crop diversification. The MTE can be used to estimate the differences in
outcomes of a farmer who adopts crop diversification and one who does not by conditioning
the differences in their outcomes on both their observed attributes and the quantile of the

unobserved characteristics that affect selection as:

MTE (x,u)=E(Y, =Y, |X =x,Uy, =u)=x(8,— 5,)+E(5,-5,|U, =u) (6)
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where  x(B,—5,) represents heterogeneity in observable characteristics and

E (U1 -U, U, = u) the heterogeneity in unobservable.

The heterogeneous returns to diversification would be reflected in a non-linear curve for the

MTE along the U, in equation (7) below:

GE(Y|x, p) B

MTE(X,U):T—(ﬂl—ﬂO)X+

oK (p)
op

:(ﬂl_ﬁO)X+E(5l_5O|UD:u) (7)

where p is the propensity score and K is a non-linear (polynomial) function of p. It is the
derivative of the expected value of the outcome conditional on the observed and unobserved

characteristics and the propensity score (probability distribution).
There are two stages to the estimation procedure. We first obtain propensity score estimates
from a first-stage probit estimation from the selection equation (1) and then proceed to estimate

E(6,-5,|Uy)<p as a parametric polynomial in p of degree K =2, as the baseline
specification.

We also conduct robustness check analysis to test the sensitivity of the results to specification

and estimation choices, which generally confirm the main conclusions.

As shown in Heckman & Vytlacil (2005) , the MTE can be aggregated over U in different

ways to obtain average treatment effects (ATE), average treatment effects on the treated (ATT)
and average treatment effects on the untreated (ATUT). In order to analyze the impact of policy
intervention on crop diversification, we use policy-relevant treatment effects (PRTE) to
simulate baseline and alternative policies to estimate the aggregate effects of such policy
changes (Heckman & Vytlacil, 2005). The PRTE measures the benefit of crop diversification

for a farmer who is encouraged to change his decision to diversify in response to specific
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policies. Here we simulate the effects of increasing the number of peers who adopt crop

diversification on our outcome indicators. The PRTE is specified as:

PRTE(X )= E[YiIX; = xalternate policy] - E[Y; | X; = x,baseline policy]
~ E[AIX, =x,alternate policy] - E[A | X, = x,baseline policy]

2.3.2 Data description

The data used in this article come from the National Food Security, Nutrition and Resilience
Survey conducted by the Executive Secretariat of National Council for Food Security
(SE_CNSA). The data were collected over the period from January to February 2019. A

multistage sampling approach was used to collect quantitative data on farm households.

First, a census district was selected by a systematic random draw based on probability
proportional to the population size of the primary units (census districts) surveyed. This was
done independently for each department or stratum. Each department is stratified according to
place of residence (urban/rural), and the sample for each department is divided between urban
and rural areas in proportion to demographic size. Within each area of residence, the number
of census districts is drawn, following the systematic drawing procedure. In each census

district, 16 households were selected using the same procedure.

The second stage of the sampling procedure consisted of selecting households within the
sampled districts. Households were selected using the systematic random method, applying a
sampling step (W). The sampling step is the number of households separating two sampled
households. The step size in each census district is calculated by dividing the number of
households (N) in the census district by the number of households to be surveyed (n). The
number (W) obtained by this operation is the sampling increment used to select the households
in the sample. ENSANR has stratified representativeness at the departmental level and by area

of residence for the household indicators (food security and resilience) and involved 7,847
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households. ENSANR took place throughout the country, covering the 14 regions and 45

departments of Senegal.

Given that our interest lies in investigating the impacts of crop diversification on food security
and other welfare measures, we extracted the data from 19 departments of the Groundnut Basin.
After obtaining an initial sample size of 3,010 households (urban and rural households), a sub-
sample of rural households who cultivated groundnut as their main cash crop led to 1,436
households. Detailed data was collected on the general characteristics of the household,
household living conditions, agriculture practices, food consumption, income and expenses,
shocks and coping strategies. To analyze the information relating to food security from the

survey data, we used two indicators of access to food, namely, the HDDS and the rCSI.
2.3.2.1 Household Dietary Diversity Score (HDDS)

HDDS measures the food utilization dimension and intake of micronutrients (Mulwa & Visser,
2020). It is a qualitative measure of food consumption that reflects a household’s access to a
variety of foods. HDDS represents the number of foods or groups of foods consumed by
households during the last seven days before the survey. Dietary diversity has been studied by
several authors with different approaches in terms of the reference period and/or the number of
food groups considered (Issoufou, 2020; Workicho et al., 2016). However, two widely used
recall periods are the 24-hour and the 7-day recall periods. In this study, we follow the 7-day
recall period which gives more representative information of the food consumption patterns of
the households relative to the 24-hour recall. The food items were divided into twelve food
groups: cereals, tubers, vegetables, fruits, eggs, meat, fish, legumes, milk, oil, sugar, and other
foods (condiments). The lowest scores imply less diversified sources, while higher scores are
linked to greater diversity and imply improved food and nutrition security (Amolegbe et al.,

2021). HDDS is computed as:
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HDDS=>"F,
where K, =1if the food group is consumed, and 0 otherwise.

2.3.2.2 Reduced Coping Strategies Index (rCSl)

The reduced Coping Strategies Index is an indicator of food access. It considers both the
frequency and severity of five pre-selected coping strategies that households used in the 7 days
prior to the survey (Maxwell, 2008). The rCSl is based on many possible answers to one single
question: “What do you do when you don’t have adequate food, and don’t have the money to
buy food?”” The higher the score, the higher the number of coping strategies used in addressing
food insecurity. The maximum value of 56 represents the highest level of food insecurity, with

high frequency of consuming less food and severity due to insufficient access to food.
2.3.2.3 Poverty headcount ratio and poverty gap

The poverty headcount ratio measures the proportion of the population that is counted as poor.
The poverty gap measures the extent to which individuals fall below the poverty line. The
severity or intensity of poverty is defined by the average distance to the poverty line. The

poverty headcount ratio and poverty gap are obtained using the following expression of Foster—

18 (z-yY
Greer—Thorbecke (FGT): G, :WZ —
i=1

where N is the number of people in the economy, Y, represents income of each individual, z

is the poverty line and H is the number of poor people (those below the poverty line). For
values of o =0and 1, the index reduces to the headcount ratio and poverty gap index, while
o = 2 captures the severity of poverty. We use the poverty line of rural households in Senegal,
which is 511.96 FCFA per capita per day according to the recent survey by the National Agency

for Statistics and Demography (ANSD, 2021).
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2.3.2.4 Crop diversification

To capture crop diversification, we use the crop count index for measuring the crop
diversification, which represents the number of crops grown by the farmer. So, a dummy
variable is used, which takes on a value of 1, if the farmer cultivates any other crop in addition
to the main crop groundnut, and O for those who are doing monocropping (groundnut only).

This approach has been employed in other studies (e.g., Makate et al., 2023).
2.3.2.5 Climate data

The rainfall data we use in this study is from the Climate Hazards Center Infrared Precipitation
with Stations (CHIRPS), which is a mixed satellite/station product with a spatial resolution of
0.05°. CHIRPS’ spatial resolution allows it to be used on a fairly small area such as the
Groundnut Basin with a good degree of precision. Using geo-referenced household data, we
accessed household specific temperature and rainfall data. The Standardized Precipitation
Index (SPI) is a drought index used for estimating wet or dry conditions based on precipitation
variables. The SPI is widely used for defining and monitoring meteorological droughts (McKee
etal., 1993). When the SPI is negative and its value reaches an intensity of -1 or less, a drought
occurs, and ends when the SPI becomes positive (wet events).

Xt_it

of

SPI =

X,, cumulative precipitation for a year; X, ,Mean precipitation for the entire series (1981 —

2018); o, , standard deviation of precipitation in the series.

We download temperature data from the Prediction of Worldwide Energy Resources data

archive! which provides global data at a resolution 0.5 x 0.5° to generate a gridded temperature

L https://power.larc.nasa.gov/data-acces-viewer
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time series. Regarding the temperature, we computed the monthly average from 1981 to 2018
for each village. The temperature anomaly is computed using the same formula as in the SPI.
The climate information collected extends from 1981 to 2018, since the survey data used was
collected in January 2019. For uniformity, the daily data obtained were aggregated to annual

measures.

2.4 Study area and descriptive statistics

2.4.1 Study area

The Senegalese Groundnut Basin (displayed in Figure 2-1) covers the western and central parts
of the country. Thies, Diourbel, Fatick, Kaolack and Kaffrine are the corresponding regions in
addition to the departments of Louga, Kébémer and Koumpéntoum. It has a surface area of
about 46.357 square kilometres. It covers about a quarter of the area of Senegal. Groundnut is
the main cash crop and constitutes an important income source. Crops cultivated include millet,
cowpea sorghum, cassava watermelon and hibiscus (Traore, 2021). The Groundnut Basin, for
decades, has been the lifeblood of the Senegalese economy. Despite this, from 1970 to 1980,

it faces a variety of constraints, which contributed to economic decline in the country.

In the north-central part of the Groundnut basin, rainfall intensity is lower and the rainy season
shorter (isohyet between 400 and 600 mm) (Roquet, 2008). The south-central part of the
Groundnut basin is also marked by a decrease in rainfall (isohyet between 600-800 mm).
According to Beye, (2015), the Groundnut Basin is the area that has seen the fastest population

growth in recent times, the number doubled between 1988 and 2013.

35



17”0.'0“W 1S°0.'D"W 15“01‘0"W 14“0:0"W 13"0I‘0"W 12“0;0"W

N
»\-‘c@br
z s z
=] o
=% B
© ©
Sylvo-Pastoral Zone
z £
5 =]
o e
o o
A i =
‘J
Groundnut Basin
z z
=} =
27 o
o =
- Agrosylvopastoral zone East
¢
z z
5 =]
21 w Casamance 1 )
) A td
‘ —k'-‘.ﬁ'\q"q}
- ) 0 90 180
[ ee——
Legend Km
z z
& Agro-Ecological zon =3
;g- I:l gro-tcological zone Coordinate Reference System: WGS84 /UTM zone 28N [F©
& . Dat: : Centre d i ecol CSE), 2015 &
®| [[] Groundnut Basin Boundary e et de su ecologque (G55 -
17°00"W 16°0°0"W 15°0'0"W 14°0'0"W 13°0'0"W 12°00"W

Figure 2-1: Geographical presentation of the study area

Rain-fed agriculture is the mainstay among the farm households, fishing and livestock farming,
particularly cattle, small ruminants and poultry, play an important role in income generation in
the study area. The Groundnut basin of Senegal is characterized by tropical ferruginous soils,
allowing for agricultural production composed essentially of dry cereals (millet) and legumes

(groundnuts, cowpeas).
2.4.2 Descriptive statistics

Table 2-1 presents the descriptive analysis of the household survey data. The average HDDS
is 8.72, implying that rural households on average consume 9 different food categories. These
households are on average food secure, because their HDDS are higher than the base value of
5 groups considered to be diversified. On the other hand, the average household has an rCSI of

7.17, implying that they use several survival strategies to address their level of food insecurity.
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Table 2-1: Descriptive statistics and definition of selected variables

Variables Variable description Mean SD
Household dietary diversity score (0-12), 0
HDDS represents no diversity in food and 12 represents 8.7284  1.6816

good food diversity

Reduced Coping Strategies Index (0-56), close to
0 represent a good situation of food security, the
higher the score, the more food insecure the
household: it has used more negative strategies
1 if a household is living below the poverty line,

rCsl 7.1761  9.9485

Poverty headcount 0.8105 0.3919

0 otherwise
Poverty gap Mean dl_stance of poor household from the 04879 0.2143

poverty line
Sex head .

1 = female, 0 otherwise 0.0661 0.2486
household
Age Age of the household head in year 53.8238 13.7119
Not educated 1 if not went to school ,0 otherwise 0.4408 0.4966
Primary 1 if primary education, O otherwise 0.4394  0.4964
Junior high 1 if junior high school level, 0 otherwise 0.0668  0.2498
Senior high 1 if senior high school level, 0 otherwise 0.0389  0.1936
University 1 if university level, 0 otherwise 0.0139 0.1172
Household size Size of Household 12.7534 6.2318
Farm Size Total farm size (Ha) 1.5659 1.2352
Neighbors Ratio of the number of peers who have adopted 0.9196  0.5477

crop diversification
Rainfall anomaly

(SPI) Standardized Precipitation Index 0.0675  1.0098
Mean Temperature Average of temperature 1981-2018 27.3865 0.8035
Temperature Standardized temperature Index 0.1602  0.9513
anomaly

Idiosyncratic 1if hous_ehold experienced idiosyncratic shocks, 01204  0.7014
Shocks 0 otherwise

leestoc_k 1 if household own livestock, 0 = otherwise 0.8983 0.3023
ownership

Northern region 1 |f_household r_e5|des in the northern Groundnut 03314 0.4709
Basin, 0 otherwise

Southern region 1 |f_household r?5|des in the southern Groundnut 03328 04714
Basin, 0 otherwise

Central region 1 |f_household re3|des in the central Groundnut 03370 0.4728
Basin, 0 otherwise

Note: This table presents a brief description of all the variables used in our estimation. The variable neighbors was computed as the ratio of
the number of adopters of crop diversification divided by the total number of farmers in the village minus the farmer under consideration.
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The poverty headcount index shows that 81% of households live below the poverty line
(ANSD, 2021). However, the poverty gap index shows 48% gap in relation to the poverty line
used. Female headed households make up only 6% of the sample. The average age of the heads
of household is 53 years. In terms of the level of formal education, majority (43%) have attained
primary level, 6% have attained junior high school, 3% senior high school and only 1%
university level. The average household size is 12. An average farming household cultivates
1.5 ha. The average precipitation anomaly is positive 0.06 with an average temperature of 27.38
degrees Celsius. Concerning shocks, on average 12% of households have experienced
idiosyncratic shocks, which are shocks that are unique to an individual or family. The majority

(89%) of the sample owns livestock.

Table 2-2 presents the mean difference in characteristics of farmers who adopted or who did
not adopt crop diversification. The results show that 55.92% diversify their crops, compared to
44.8% who did not diversify. We find statistically significant differences in the means for
nearly all outcome variables (i.e., HDDS, rCSI and Poverty gap), with the exception of poverty

headcount.

Food security indicators such as HDDS and rCSI appear better for those who diversify. In
particular, those who diversify their crops have a more diversified diet of 9.02 compared to
8.35 for those who have not diversified. Moreover, those who adopt crop diversification tend
to use about 6 compared to 8 survival strategies used by those who grow only groundnut. This
may be indicative of the potential role crop diversification plays in food security, which concurs
with the findings by Jones (2017) and Nkonde et al. (2021), who reported that crop

diversification contribute to improving diets and nutrition outcomes in rural households .

On average, farmers who diversify are 2 years older than those who do not diversify, they have
generally higher levels of education. Those who diversify have a larger household size, with

around 2 more people and a larger field of 0.80 ha than others. While we observe significant
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differences between households that diversified and those that did not, it is important to note
that potential selection bias due to observed and unobserved factors is not accounted for in
those mean differences. Hence, we employ the MTE in the empirical analysis to account for

confounding factors, selection bias, and potential heterogeneity.

Table 2-2: Descriptive statistics and mean difference between adopters and non-adopters

. Diversified Non-diversified .
Variables N=803(55.92%) N=633(44.08%)  ean Diff
Outcome
HDDS 9.0249(0.0625) 8.3522(0.0586) -0.6726***
rCSlI 6.4171(0.3386) 8.1390(0.4096) 1.7218***
Poverty headcount 0.8107(0.0138) 0.8104(0.0155) -0.0002
Poverty gap 0.4994(0.0083) 0.4734(0.0090) -0.0260**
Control variables
Sex 0.0635(0.0086) 0.0695(0.0101) -0.0059
Age 54.7584(0.4928) 52.6382(0.5286) -2.1201***
Primary 0.4246(0.0174) 0.4581(0.0198) -0.0334
Junior high 0.0709(0.0090) 0.0616(0.0095) 0.0093
Senior high 0.0435(0.0072) 0.0331(0.0071) 0.0104
University 0.0174(0.0046) 0.0094(0.0038) 0.0079
Household size 13.523(0.2353) 11.7772(0.2178) 1.7457***
Farm Size 1.9215(0.0547) 1.1148(0.0086) 0.8066***
(Rsa;rl‘;a” anomalies 4 3009(0.0353) 0.0043(0.0389)  -0.2066%**
Mean Temperature 27.4022(.0282) 27.3667(0.0321) -0.0355
Temperature anomaly 0.1734(0.0330) 0.1434(0.0386) -0.0299
Idiosyncratic shocks 0.1357(0.0270) 0.1011(0.0242) 0.0346
livestock ownership 0.8978(0.0106) 0.8988 (0.0119) -0.0010
Northern region 0.3150(0.1640) 0.3522(0.0190) 0.0372
Southern region 0.3586(0.0169) 0.3001(0.1823) -0.0584**
Central region 0.3262(0.1655) 0.3507(0.0189) 0.0244
Instrumental variable
Neighbors 1.2554(0.0168) 0.4937(0.0103) -0.7616***

Note: The table presents the mean differences of the variables used in our estimations. For each variable, the
table presents the average for the whole sample, for farmers who diversified and those who did not. The main
outcome variables are HDDS, rCSl, poverty headcount and Poverty gap; the rest of the variables are the controls
and the instrumental variable. *, ** and *** respectively show statistical significance at 10%, 5% and 1% levels.
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2.5 Results and discussion

In this section, we present the results from the MTE estimations. The estimates of the drivers
of crop diversification from the first stage selection equation are first presented. This is
followed by the estimates of the heterogeneity of the effect of the treatment on the observed
characteristics, the unobserved characteristics, and finally the results of the robustness of the

model, as well as the estimates of the policy simulation analysis (PRTE).
2.5.1 First stage: selection equation results

For the MTE approach to properly work, there should be enough overlap of the characteristics
between those who are diversifying and those who are not diversifying. Figure 2-2 below shows
that, there is sufficient overlap between those who adopt crop diversification and those who do
not. In particular, the first-stage regression produces common support that ranges from 0 to 1.
This shows the unconditional common support that is generated by variation in both the

instrument and covariates in the second stage.

Common support

40 50

Density

20

0 2 4 .6 .8 1
Propensity score

Treated [_____] Untreated

Figure 2-2: Common support

40



Table 2-3 presents the marginal effects of the key factors that significantly influence the
decision to diversify from the probit selection equation. The marginal effect indicates the
strength of the correlation between the probability of participating in a particular activity and
the respective explanatory variable, holding all other explanatory variables at their means. First,
we check the relevance of the instrumental variable using the Wald test. The results show that
the instrument has statistically significant influence on crop diversification decision, implying
that the instrument is driver of the selection state model. We find that neighbor’s adoption has

a positive and statistically significant influence on farmer’s decision to diversify.

The variables representing the rainfall anomaly (SPI) and temperature anomaly are positive
and statistically significant, implying that higher anomalies in precipitation and temperature
tend to raise the probability that farmers will diversify crops which is an adaptation strategy as
was found by Shahzad & Abdulai (2020). The Groundnut Basin is dominated by the groundnut
crop, which is highly sensitive to both rainfall variability and higher temperatures (USAID,
2017). As widely documented in the literature, there is substantial heterogeneity across crops
in the weather—yield relationship. The marked heterogeneity does suggest that diversification
may facilitate the resilience of total production to adverse climate conditions (Auffhammer &
Carleton, 2018). This is consistent with the argument by Di Falco et al. (2010) that crop
diversification leads to better production outcomes during bad rainfall events, suggesting that
diversification enhances resilience. The variable representing idiosyncratic shock is positive,
albeit statistically insignificant, suggesting that when farmers experience higher number of

idiosyncratic shocks, they tend have a higher tendency to participate in crop diversification.

The variable representing farm size is positive and statistically significant, indicating that larger
farms are more likely to diversify than smaller ones. This result is in line with Asfaw et al.

(2019), who indicated that the size of the farm is an important factor in crop diversification.
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Our results generally indicate negative relationship between the variables representing
education and crop diversification, although only the coefficient of the variable representing
senior high level appear to be statistically significant at the 10% level. Thus, the level of

education does not appear to significantly influence the farmer’s decision to adopt crop

diversification.

Table 2-3: Marginal effect of the determinants of crop diversification

Variable Coefficient Marginal effect
Sex 0.0699 (0.2372) 0.0153(0.0441)
Age -0.0010(0.0040) -0.0002(0.0009)
Primary -0.1559(0.1296) -0.0358(0.0283)
Junior high -0.2207(0.1887) -0.0552(0.0517)
Senior high -0.4510%(0.2422) -0.1247 (0.0881)
University -0.0404 (0.3612) -0.0093(0.0915)
Household Size -0.0149* (0.0083) -0.0034*(0.0020)
Farm Size 2.3225***(0.1756) 0.5278***(0.0310)
Rainfall anomaly (SPI) 0.0956* (0.0621) 0.0217*(0.0132)
Mean Temperature 0.0088(0.0814) 0.0020(0.0171)
Temperature anomaly 0.1031*(.0536) 0.0234*(0.0121)
Idiosyncratic Shocks 0.0953(0.0655) 0.0216(0.0146)
Livestock ownership -0.4213**(0.1735) -0.0793***(0.0254)
Southern region 0.1235(0.1394) 0.0274(0.0295)
Central region -0.1357(0.1269) -0.0315(0.0299)
constant -4.8092**(2.2255)
Instrument
neighbours 2.9048***(0.2019) 0.6601***(0.0484)
7 test of instrument 606.21***(0.00)
Pseudo R’ 0.3311

Observations

1436

Note: The table shows the results for the first stage estimations. The dependent variable=1 if the farmer diversified
crop portfolio, 0 otherwise. The first column presents the estimates of the coefficients and the second the marginal
effects. We cluster errors at village level. We used the#” test for exclusion restriction. *, ** and *** respectively
show statistical significance at 10%, 5% and 1% levels.

The results also show that households owning livestock are less likely to adopt crop
diversification. These findings are not surprising, given that livestock ownership is a very
important economic activity used by most households in mitigating and adapting to shocks. As

a result, they tend to have a lower disposition in diversifying their crop portfolios.
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The coefficient of the variable representing farm size is positive and statistically significant,
implying that the larger the farm size, the more likely the farmer will adopt crop diversification,
suggesting that farm size does influence farmers’ decision to engage in crop diversification.
This finding is consistent with the notion that farmers with large farms tend to have more

resources that allow them to diversify their investment portfolios (Tacconi et al., 2023).
2.5.2 Second stage: Heterogeneity in treatment effects on observed characteristics

We report and discuss the results from the second stage estimation of the impact of crop
diversification on food security and poverty indicators in Table 2-4. The estimates of (S,) give
the effects of the observed characteristics in the nonparticipation state, while (8, — B,) is the
treatment effects due to observed characteristics (Heckman et al., 2018). Thus, the average
differences in outcomes are interpreted directly from (B,), while (8; — B,) can be interpreted

as treatment effects (Andresen, 2018).
2.5.2.1 Heterogeneity in Treatment Effect on HDDS

The estimates show that the variable representing precipitation anomalies (SPI), on average,
exerts a negative and statistically significant effect on HDDS. In particular, on average a unit
standard deviation increase in precipitation anomalies reduces HDDS by 4.7%. When farmers
diversify their crop portfolios their HDDS increase by 5.6% over those who do not diversify
their crops. These results suggest that when farmers do not diversify their crop portfolio and
are exposed to rainfall shocks, their level of HDDS decreases. In contrast, when they adopt
crop diversification even under climatic shocks, they tend to gain more on HDDS, suggesting
that diversification is still a good option for farmers in terms of food security, even under
adverse climatic conditions. Similarly, the mean temperature has a similar result to the SPI,

with a unit increase in mean temperature on average reducing dietary diversity by 3.1%.
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However, in the diversification state, farming households’ HDDS increases by 2.7% beyond

those who did not diversify.

Table 2-4: Outcome equations results for (In) HDDS

Household Dietary Diversity Score (HDDS)

Outcome f, Outcome (B, - f,)

Coefficient SE Coefficient SE
Sex -0.0091 (0.0494) -0.0001 (0.0675)
Age 0.0015** (0.0006) -0.0007 (0.0009)
Primary 0.0359** (0.0171) -0.0262 (0.0242)
Junior high 0.0462 (0.0314) -0.0550 (0.0466)
Senior high 0.1534*** (0.0450) -0.1323** (0.0604)
University 0.0815 (0. 0600) -0.0003 (0.0874)
Household Size 0. 0025 (0.0020) -0.0035 (0.0023)
Farm Size -0.1922*** (0.0511) 0.1900*** (0.0525)
Rainfall anomaly (SPI) -0.0472%** (0.0110) 0.0564*** (0.0137)
Mean Temperature -0.0310*** (0.0106) 0.0272** (0.0133)
Temperature anomaly -0.0059 0.0085 0.0163 (0.0123)
Idiosyncratic Shocks -0.0203 (0.0158) 0.0032 (0.0220)
Livestock ownership -0.0078 (0.0264) 0.0446 (0.0415)
Southern region -0.4830** (0.0207) 0.0604** (0.0264)
Central region -0.0021 (0.0194) 0.0263 (0.0230)
Constant 2.9952*** (0.3043) -0.7592* (0.3829)
2 for excluded instrument 606.21
p-value for test of excluded instruments 0.0000
p-values for test of observed heterogeneity 0.0000
Observations 1436

Note: this table presents the estimates of the crop diversification equation in the non-diversification and
diversification states (the difference between diversification and non-diversification), respectively. The p-values
for the test of observed and essential (unobserved) heterogeneity as well as the excluded instrument (neighbors)
are presented at the bottom of the table. *, ** and *** respectively show statistical significance at 10%, 5% and
1% levels.
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Regarding the variable representing idiosyncratic shock, we find negative but statistically
insignificant relationship in the non-participation state. Although non-conclusive, this gives an
indication that when farmers are exposed to idiosyncratic shocks and have not diversified, their
food security status in the form HDDS may decrease. We, however, find a positive albeit
statistically insignificant relationship between idiosyncratic shocks and HDDS in the adoption
state. The results also show that, the variable representing the farm size is negative and
significant, in the non-diversified state, implying that the larger the farm size, the lower the
level of household dietary diversity score (-19%). When farmers adopt crop diversification,
cultivating larger farm size increases HDDS score by 19%. Furthermore, in the non-
diversification state, farmers with education level (primary and senior high) gain more in terms
of their HDDS compared to those who diversify. Thus, the results indicate that education level
in the treatment state (i.e., adopting crop diversification) even if it is just significant for senior

high decreases the gains (i.e., HDDS) to farming households.
2.5.2.2 Heterogeneity in Treatment Effect on rCSI

The coefficient of the variable representing rainfall anomaly (SPI) is negative, but not
statistically significant. However, the estimate for mean temperature is positive and statistically
significant at the non-diversification state, suggesting that a unit increase in mean temperature
leads to a 16% increase in the coping strategy. In contrast, for the idiosyncratic shock, we find
a positive and statistically significant relationship on an average farming household. In
particular, an average household that experienced idiosyncratic shocks saw an increase in the
number of coping strategies by about 29%. There was 12% average reduction in the number of
coping strategies among households who experienced idiosyncratic shocks relative to those

who did not, when they diversified their crop portfolio (Table 2-5).

The estimates also reveal that farmers who own livestock appear to have lower survival

strategies for both diversifying and non-diversifying states. In particular, on average, owning
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livestock decreases the number of coping strategies by about 2%. However, there is an

additional 4% reduction in coping strategies when farmers diversify their crop portfolios.

Table 2-5: Outcome equations results for (In) rCSI

Reduced Coping Strategy Index (rCSI)

Outcome S, Outcome (B, - f,)

Coefficient SE Coefficient SE
Sex -0.0454 (0.2219) 0.1441 (0.3709)
Age -0.0068* (0.0034) 0.0032 (0.0051)
Primary -0.2830** (0.1261) 0.3825** (0.1676)
Junior high -0.5852** (0.2646) 0.5541 (0.3547)
Senior high -0.8686*** (0.2530) 0.4139 (0.3466)
University -0.7448* (0.4480) 0.0953 (0.5084)
Household Size 0.0025 (0.0097) -0.0187 (0.0131)
Farm Size 0.5270* (0.2694) -0.5376* (0.2833)
ga;rl‘)fa” anomaly o 0036 (0.0662) -0.1776* (0.0903)
Mean ox
Temperature 0.1655 (0.0687) 0.0578 (0.0971)
Temperature 0.0080 (0.0501) 0.0744 (0.0640)
anomaly
Idiosyncratic e i
Shocks 0.2961 (0.0977) 0.1283 (0.1394)
Livestock -0.2338* (0.1316) -0.3891 (0.2610)
ownership
Southern region 0.0220 (0.1460) -0.0006 (0.2045)
Central region 0.0243 (0.1191) -0.0893 (0.1910)
Constant -2.7654 (1.9375) -1.0572 (2.7062)
z° for excluded instruments 606.21
p-value for test of excluded instruments 0.0000
p-values for test of observed heterogeneity 0.0090
Observations 1436

Note: *, ** and *** respectively show statistical significance at 10%, 5% and 1% levels.

The variables representing the level of formal education i.e. be it primary, secondary or
university all have negative coefficients, suggesting that compared to farmers without any
formal education, farmers having these levels of education tend to have lower number of coping
strategies. These results may be due to the fact that educated farmers tend to have stable and
reliable income sources, rather than different coping strategies to help them cope with

unexpected adverse conditions.
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Our results further show that on average the larger the farm size, the larger the number of
coping strategies for farmers that have not diversified their crop portfolio. In particular, the
number of coping strategies increases by about 50 percentage points with a unit increase in
farm size. However, farmers cultivating large farms and diversifying their crop portfolios tend

to display lower number of coping strategies.
2.5.2.3 Heterogeneity in Treatment Effect on Poverty Headcount Ratio

The results in Table 2-6 reveal a positive and statistically significant effect of rainfall anomaly
on the poverty headcount ratio, suggesting that rainfall anomalies generally exert negative
impact on household poverty. However, the estimates show a negative and significant impact
of rainfall anomaly on poverty headcount ratio, with poverty declining by 7%, suggesting that
crop diversification can contribute to the reduction in the incidence of poverty even under
adverse rainfall anomalies. Another interesting finding is the estimate of the coefficient of the
variable representing idiosyncratic shocks, which is positive and statistically significant for an
average household. Specifically, the estimate reveals an increase of 7% to the poverty
headcount outcome for a unit increase of idiosyncratic shocks. In the participation state,
however, our results show a negative and statistically significant correlation, suggesting a
decrease by 11% for the treated state. These results again give an indication of the poverty-

reducing role of crop diversification.

The empirical results further show that the variable representing farm size is positive and
significant in the non-diversification state, indicating that a unit increase in farm size leads to
an increase in the incidence of poverty (20%). Interestingly, the results show a negative and
statistically significant effect in the treated state for households with larger farm sizes (with a
marginal effect of 22%). Household size exerts positive and statistically significant effect at

the non-adoption stage, suggesting that an additional household member contributes to higher
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incidence of poverty (with a marginal effect of 2%) in the non-diversification state However,

when farmers diversify, a positive but statistically insignificant effect is observed.

Table 2-6: Outcome equations result for poverty headcount

Poverty headcount

Sex

Age

Primary

Junior high

Senior high
University
Household Size

Farm Size

Rainfall anomaly (SPI)
Mean Temperature
Temperature anomaly
Idiosyncratic Shocks
Livestock ownership
Southern region
Central region

Constant

x° for excluded instruments

p-value for test of excluded instruments

p-values for test of observed heterogeneity

Observations

Outcome f, Outcome (S, - f,)
Coefficient SE Coefficient SE
0.0865 (0.0676) -0.2824***  (0.1064)
-0.0001 (0.00112) -0.0012 (0.0015)
-0.0035 (0.0364) -0.0459 (0.0478)
0.1041** (0.0491) -0.1913** (0.0799)
-0.1980* (0.1090) -0.0036 (0.1472)
-0.1895 (0.2260) -0.0646 (0.3262)
0.0201*** (0.0044) -0.0032 (0.0054)
0.2063*** (0.0652) -0.2243***  (0.0667)
0.0672*** (0.0217) -0.0670** (0.0300)
0.0327* (0.0171) -0.0094 (0.0296)
-0.0083 (0.0183) 0.0351 (0.0270)
0.0721*** (0.0260) -0.1169***  (0.0350)
0.1088* (0.0616) -0.1433 (0.0911)
0.0491 (0.0388) -0.0686 (0.0591)
-0.0001 (0.0387) -0.0286 (0.0591)
-0.6304 (0.4734) 0.7623 (0.8123)
606.21
0.0000
0.0000
1436

Note: *, ** and *** respectively show statistical significance at 10%, 5% and 1% levels.

The education level of the household head appears to have mixed effects on the poverty

headcount ratio in the non-diversification state, but a negative and insignificant effect at the
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diversification state, with only farmers with junior high school showing a statistically

significant effect.
2.5.2.4 Heterogeneity in Treatment Effect on Poverty Gap

The estimates show that the variables representing household size and farm size both exert
positive and significantly different from zero in the non-diversifying states, indicating that the
depth of poverty tends to be higher for households with larger number of family members and
bigger farm sizes in the non-diversification state (Table 2-7). However, in the crop
diversification state, both variables show negative signs, although only the farm size variable
is significantly different from zero suggesting that households with larger farms and diversified
crop portfolios tend to have lower depth in poverty (with marginal effects of 0.15). The
estimates for the SPI show that, the poverty gap tends to be higher on an average farm
household (with marginal effects of 0.05), but poverty gap decreases by a margin of 5.6% for
a unit standard deviation increase in SP1 when they diversify, suggesting that farmers are more
vulnerable to climate issues and subsequently increase their depth in poverty when they do not

diversify their crops.

The variables representing level of education of the household head, such as senior high and
university are negative and significantly related to poverty gap in the non-diversification state,
but are positive, albeit statistically insignificant in the diversification state. This indicates
higher education negatively influence the depth of poverty in the non-diversification state, but

exerts no statistically significant impact in the diversification state.

The coefficients for the variables for household size and farm size both show positive and
statistically significant effects on the poverty gap in the non-diversification state, suggesting
that when farmers do not diversify their crop portfolios, those with larger household and farm

sizes tend to have higher depth in poverty. On the other hand, in the diversification state, higher
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household and farm sizes lead to lower depth in poverty. The variable representing livestock
ownership is positive (with marginal effects of 0.08) and significantly different from zero in
the non-diversification state, but negative and significant in the diversification state (with
marginal effects of 0.16), indicating that ownership of livestock helps in reducing the depth of

poverty in the diversification state.

Table 2-7: Outcome equations results for poverty gap

Poverty gap

Outcome £, Outcome (B, - f,)

Coefficient SE Coefficient SE
Sex 0.0031 (0.0425) -0.1281* (0.0714)
Age -0.0009* (0.0007) -0.0007 (0.0009)
Primary -0.0242 (0.0239) -0.0242 (0.0331)
Junior high 0.0410 (0.0421) -0.0880* (0.0626)
Senior high -0.1334** (0 .0559) 0.0089 (0.0822)
University -0.2606** (0.1209) 0.0727 (0.1425)
Household Size 0.0217 *** (0.0033) -0.0048 (0.0041)
Farm Size 0.1359** (0.0582) -0.1531*** (0.0588)
ZaF',T;a” anomaly o osgge (0.0122) -0.0565*** (0.0182)
Mean Temperature 0.0232* (0.0121) 0.0089 (0.0189)
Temperature 0.0072 (0.0110) -0.0011 (0.0186)
anomaly
Idiosyncratic
Shocks 0.0100 (0.0235) -0.0131 (0.0299)
Livestock 0.0880** (0.0396) -0.1621%%* (0.0621)
ownership
Southern region 0.0315 (0.0251) -0.0197 (0.0386)
Central region 0.0275 (0.0276) -0.0271 (0.0422)
Constant -0.6617* (0.3434) 0.1677 (0.5321)
z* for excluded instruments 606.21
p-value for test of excluded instruments 0.0000
p-values for test of observed heterogeneity 0.0000
Observations 1436

Note: * significant at 10% level, ** significant at 5% level and *** Significant at 1% level.
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2.5.3 Heterogeneity in treatment effects on unobserved characteristics

As indicated earlier, an issue we analyze in this study is how farmers' participation in crop
diversification tends to influence outcomes such as Household Dietary Diversity Score
(HDDS), coping strategies (rCSl), Headcount ratio (Poverty level), and Poverty gap (Depth of
poverty) and how this effect varies with their unobserved characteristics. In Figure 2-3, we
present the MTE curve, which represents the distribution of HDDS over varying levels of

unobserved resistance to treatment U, (in our case, the resistance to participate in crop

diversification) among the farmers. The curve for HDDS reveals that farmers with lower
unobserved resistance to participation in crop diversification get the higher benefits from
adoption of crop diversification in terms of improvement in household dietary diversity. The
figure shows that the observed resistance to adoption increases with decreasing gains from
adoption, indicating positive selection on gains. Thus, lower levels of unobserved resistance to
adoption is associated with lower poverty levels, but poverty tends to increase as the
unobserved resistance to adoption increases. These findings corroborate previous studies that
report that crop diversification enhances the food quality of households (e.g., Kabir et al., 2022;
Kissoly et al., 2020). Diversification of crop production allows the consumption of diversified
foodstuffs produced by farmers, which helps in improving household food and nutrition
security. The marketable surplus allows farmers to generate additional income, which can then
be used in purchasing other foodstuffs that are not produced by the households, and as such

contributing to the consumption of diversified foods (Sauer et al., 2018).

We observe an inverse curve for the "MTE curve rCSI" which increases, suggesting that
farmers who are more likely to diversify their production are more likely to reduce the use of
food survival strategies after crop diversification. Knowing that coping strategies are
detrimental to the household food situation, this result is rather positive, since households that

reduce coping strategies will have a better level of food security. In fact, according to Mango
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et al., 2018, households that have relatively higher number of crop species grown per season

are less likely to adopt a more diverse food insecurity coping strategies.
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Figure 2-3: MTE curves for the outcome variables

Note: This Figure shows the estimated MTEs of the outcome equations (HDDS, rCSl, poverty headcount and
poverty gap) estimated at the mean values of the observed covariates (¥). The dashed lines are ATEs and the 95%
confidence interval (95% ClI) is based on bootstrapped standard errors with 50 replications.

The MTE curve for poverty headcount index also indicate that farmers with lower unobserved
resistance to participation in crop diversification obtain higher benefits from participation and
experience less poverty. In particular, it is evident from the figure that the observed resistance
to participation increases with decreasing gains from participation, indicating positive selection
on gains. The result support the notion that crop diversification could be pursued as a strategy

to assist farm households to escape poverty (Tankari et al. 2019).
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The MTE curve for poverty gap in the figure is also upward-sloping, indicating that households
with lower levels of unobserved resistance to participation in crop diversification, have lower
severity of poverty, while households with the highest unobserved resistance to participation
tend to benefit less from participation by having much higher severity of poverty. This
observation stems from the fact that households that are more likely to participate in crop
diversification tend to benefit more from participation, because those that are less likely to
participate have higher gains than the average farmer in the non-diversification state, which is
actually consistent with the notion of participation being based on comparative advantage (Suri,

2011).

2.5.4 Causal effects of adoption of crop diversification on food security and poverty

Table 2-8 reports the average gains from adoption of crop diversification on food and nutrition
security (HDDS and rCSlI) and poverty of farmers. The average treatment effect (ATE), which
indicates the impact of adoption of crop diversification on a randomly sampled farmer,
increases the HDDS by 25% on average, reduces the coping strategies by about 55%, and also
reduces the poverty headcount index by 19%, as well as the poverty gap by 12%. However, the
magnitude of the impacts is much better, if we randomly select farmers who diversify their
crops, captured by the average treatment on the treated (ATT). In particular, household dietary
diversity is improved by 34%, survival strategies are reduced by more than double by 76%,
and the poverty rate and poverty gap are reduced by 28% and 19%, respectively. The effects
of the treatment on the untreated (ATU), which are all statistically significant, are less than

those of ATE and ATT.

Therefore, ATT appears to be superior to ATE and ATUT, confirming the positive selection of
unobserved gains. Thus, it can be argued that the different treatment effects parameters suggest

that the gain from crop diversification for adopters is higher than that for the randomly selected
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farmer, or for non-adopters, ATT >ATE >ATUT, implying positive selection on the gains from

adopting crop diversification as shown by the MTE curve.

Table 2-8: Impact of crop diversification on food security and poverty

Parameters HDDS rCsSli FGT Poverty gap
ATE 0.2594*** -0.5587*** -0.1921*** -0.1254***
(0.0271) (0.1734) (0.0427) (0.0371)
ATT 0.3474*** -0.7616*** -0.2867*** -0.1948***
(0.0482) (0.2958) (0.0656) (0.0608)
ATUT 0.1448*** -0.2942*** -0.0687* -0.0350*
(0.0143) (0.0955) (0.0359) (0.0209)

Note: The table presents ATE (average treatment effect), ATT (average treatment on treated) and ATUT (average
treatment on untreated) effect of crop diversification. *, ** and *** respectively show statistical significance at
10%, 5% and 1% levels

2.5.5 Robustness checks

To test the sensitivity of the baseline estimates, we perform robustness checks that include the
use of different functional forms such as the linear specification, which assumes that returns to
crop diversification decrease monotonically cubic and quartic of the propensity score in the

specification.
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Figure 2-4: Robustness check
Note: this figure shows some examples of the marginal treatment effects (MTE) functional form robustness checks,

evaluated at average values of the covariates. The MTE curves A represent the rCSl, the B is the MTE curve for
poverty headcount.
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The graphs of the different functional forms reveal similar patterns to the baseline specification
and do not vary by using linear and higher-order specifications. This reveals that our choice of

the quadratic functional form of the propensity score is appropriate (Figure 2-4) .
2.5.6 Policy-relevant treatment effect

The results indicate the important role of crop diversification on food security and poverty
through the instrument used, i.e. number of neighbors. Thus, insofar as the farmers least likely
to diversify their crops see their food security and poverty indicators reduced, they should be
encouraged to start diversifying, since the results of our work have shown us the gains that
these farmers would have if they adopted crop diversification. So policies that seek to overcome
structural problems and encourage people to adopt can be very rewarding. This suggests that

appropriate policy changes could induce (change propensity scores) adoption (Table 2-9).

Table 2-9: Policy-relevant treatment equations (PRTE)

Peer effect 50% increase

Outcome variable Propensity scores Policy effect
Baseline Policy PRTE
0.1921***
HDDS (In) 0.565 0.693
(0.0151)
-0.3101***
rCSl (In) 0.565 0.693
(0.0916)
-0.0903***
Poverty headcount 0.565 0.693
(0.0302)
-0.0546***
Poverty gap 0.565 0.693
(0.0197)

Note: this table presents the estimate of the simulation of the policy impact of 50% increase in the number of
peers. *, ** and *** respectively show statistical significance at 10%, 5% and 1% levels.

Thus, using PRTE, we show the effect of a policy change that increases the neighbors peer
effect by 50%.The analysis reveals that increasing neighbors peer effects in crop diversification

practices significantly improves household welfare outcomes, including better dietary diversity
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(19%), reduced reliance on coping strategies (-31%), and lower incidence of poverty (-9%) and
depth of poverty (-5%). These findings suggest that community-level interventions,
particularly those that leverage peer networks, can be highly effective in improving food
security and reducing poverty in rural areas (Abdul Mumin and Abdulai, 2022). This implies
that policies aimed at fostering collective action and knowledge sharing within farming
communities could be instrumental in achieving sustainable agricultural development and

poverty reduction in regions affected by climate variability.
2.6 Conclusion and policy implications

Crop diversification has widely been identified as a meaningful strategy in combating food
insecurity and reducing poverty in low-income countries. In particular, there is increasing
evidence that crop diversification could be leveraged by smallholder farmers in their climate
adaptation strategies to stabilize farm households’ incomes (e.g., Asfaw et al., 2019; Adam and
Abdulai, 2024). In this study, we examine the drivers and heterogeneous impacts of crop
diversification on household welfare measures such as food and nutrition security as well as
incidence and severity of poverty. In particular, we employ the Marginal treatment effect
(MTE) analytical framework to account for potential endogeneity arising from observed and

unobserved attributes, using farm level data from rural households in Senegal.

Our empirical results show substantial heterogeneity in the benefits that households derive
from crop diversification. We also find that crop diversification is essential to improving the
food and nutrition status of rural households in Senegal by improving the dietary diversity score
and reducing the number of coping strategies against food insecurity (rCSI) (Zanello et al.,
2019). Crop diversification is an adaptation strategy for farmers to mitigate climate-related
risks and to decrease vulnerability. This strategy improves welfare even under climate-related
shocks by improving food security and poverty indicators. The data used in the analysis reveal

that even under adverse weather conditions, crop diversification leads to higher household
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incomes. The results also reveal that households that participated in crop diversification
strategies benefited from improved food and nutrition security, as well as lower incidence and
severity of poverty, suggesting that poor farm households can derive significant benefits from

adopting crop diversification strategies.

The policy simulation analysis we conducted show that a 50% increase in interaction of farmers
with neighbors (peer effects) significantly improves household welfare indicators like dietary
diversity, reduces coping strategies, and lowers the incidence and severity of poverty among
poor farm households. The results underscore the importance of peer effects in promoting crop
diversification. By leveraging the adoption behaviour of neighboring farmers, policymakers
can amplify the spread of crop diversification practices across communities. The Policy
Relevant Treatment Effects (PRTESs) analysis confirms that an increase in the adoption of crop
diversification among neighbors positively influences other farmers’ decisions to diversify,
thanks to the sharing of knowledge, experiences, and benefits within the community. This peer
influence is especially relevant in fostering resilience to climate change, as farmers who
observe successful diversification practices are more likely to adopt them. To maximize the
positive spillovers from peer effects, policy interventions should focus on strengthening
community-based agricultural programs and enhancing knowledge transfer through farmer
cooperatives and networks. Moreover, investing in rural infrastructure to improve access to

markets will further incentivize crop diversification and help improve household welfare.
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Abstract

This study investigates the heterogeneous impact of household resilience on food and nutrition
security, using household-level data from Senegal. We use the Resilience Index Measurement
and Analysis Il (RIMA-II) framework to capture household resilience capacity. We employ
Two-Stage Least Squares (2SLS) method to account for potential endogeneity and a Dose-
Response Function approach to analyze the impact of resilience on key food security indicators,
namely the Food Consumption Score (FCS) and the Household Dietary Diversity Score
(HDDS), disaggregating the analysis by the gender of the household head. Our empirical results
reveal that higher resilience leads to better food and nutrition security outcomes. However, the
dose-response function analysis shows a positive but heterogeneous effect of Resilience
intensity (RCI)) across both male and female-headed households. Female-headed households
benefit substantially more from increases in RCI in terms of food security outcomes, but they
experience worse food security when resilience is very low. These findings suggest that policy
measures should strengthen gender-responsive resilience-building interventions, targeting
constraints faced by low-resilience households and ensuring a more equitable distribution of
benefits.

Keywords: Household resilience, resilience capacity index, food and nutrition security,

Senegal
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3.1 Introduction

Ending hunger and malnutrition remains a central global priority (Zorbas et al., 2025). The
second Sustainable Development Goal (SDG 2) aims to eradicate all forms of hunger and
malnutrition by 2030 by ensuring that all people, particularly children and vulnerable
populations have access to sufficient, safe, and nutritious food throughout the year (United
Nations, 2019). However, available evidence shows that in 2021, around 828 million people
experienced hunger, with women disproportionately affected by moderate to severe food
insecurity (FAO et al., 2022). These trends underscore persistent challenges in achieving food
and nutrition security, particularly in low and middle-income countries (Brightling & Evans,

2022; Dowd et al., 2025).

In sub-Saharan Africa, food insecurity is closely linked to households’ exposure to recurrent
shocks and their limited capacity to cope with and recover from them (Ngoma et al., 2024;
Scott et al., 2024). Climate variability, environmental degradation, economic instability, and
conflict continue to undermine agricultural productivity and rural livelihoods (Debela &
Lemma, 2024; Muriuki et al., 2023). According to the IPCC (2022), climate change is expected
to further reduce rain-fed crop yields in parts of Africa, intensifying food and nutrition
insecurity in already vulnerable regions. These challenges have renewed interest in household
resilience as a key determinant of food security outcomes (Assefa Tofu & Wolka, 2023;

Galanakis et al., 2025).

Senegal illustrates these dynamics. Agriculture remains a critical source of income and food
for rural households, particularly in the Groundnut Basin, which plays an important role in
national food supply and export earnings (Sembene et al., 2025). However, the region faces
increasing vulnerability due to irregular rainfall, climate shocks, land degradation, and market
volatility, all of which constrain agricultural productivity and household welfare (lbrahim,

2023; Regmi & Kostandini, 2025). Evidence from the 2019 National Food Security, Nutrition
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and Resilience Survey suggests that while the national average food insecurity rate is around
8%, rates in the Groundnut Basin are substantially higher, estimated at roughly 20% to 35%,
highlighting the region’s heightened vulnerability (SE-CNSA, 2019). These spatial and
livelihood vulnerabilities underscore the need for strategies that strengthen households’ ability

to withstand and recover from shocks.

Resilience has therefore emerged as a central concept for understanding how households
manage risks without compromising long-term well-being (Béné, 2020). In this study, we
define resilience as the capacity that ensures stressors and shocks do not have long-lasting
adverse development consequences (Constas et al., 2014). This perspective aligns with earlier
work emphasizing the household as the key decision-making unit for risk management, before
and after shocks (Alinovi et al., 2010). Because resilience is inherently multidimensional and
partly unobserved, it is commonly measured using composite frameworks. One of the most
operational tools to quantify household resilience is the Resilience Index Measurement and
Analysis 1l (RIMA-I11) framework developed by FAO, which captures resilience through core
dimensions including access to basic services, assets, social safety nets, and adaptive capacity

(FAO, 2016b; Sherka & Tsehay, 2025).

Given the significance of resilience in combating poverty and reducing vulnerability among
populations facing various adverse shocks, a growing body of empirical literature has examined
the relationship between resilience and food insecurity (e.g. Ado et al., 2019; Ansah et al.,
2019; Briuck & Pietrelli, 2019). As argued by Ansah et al. (2019), understanding resilience in
household food systems could contribute to a better implementation of interventions that affect
food systems in shock-prone developing regions. However, important gaps remain in the
available evidence. First, evidence is limited on how gender inequalities influence the
resilience-food insecurity nexus. Second, less is known about heterogeneous impacts, namely

whether the benefits of resilience differ across the resilience distribution and household types,

67



including gender groups. Third, although several studies acknowledge that resilience and food
security may be jointly determined, relatively few studies have adequately addressed
endogeneity in the estimation (Ansah et al., 2019; Smith & Frankenberger, 2018). Endogeneity
may arise from reverse causality, omitted variables, and measurement error in resilience indices

(D’Errico & Pietrelli, 2017).

This study contributes to the literature by providing causal and heterogeneous evidence on the
resilience and food security relationship, using nationally collected household survey data and
a gender-disaggregated analysis. Specifically, (i) we estimate the impact of household
resilience on food and nutrition security, (ii) we examine heterogeneity by assessing how
varying levels of resilience capacity affect food consumption and dietary diversity, and (iii) we
analyze gender differences in the resilience-food security relationship by comparing outcomes

between male-headed and female-headed households.

Methodologically, to address potential endogeneity between resilience and food security, we
combine an instrumental variables approach, using two-stage least squares (2SLS) with a dose-
response function (DRF) framework. The instrumental variables (1V) strategy supports causal
identification, while the DRF approach characterizes non-linear and heterogeneous
relationships by estimating how incremental changes in resilience capacity translate into
different food security outcomes across the resilience distribution and by gender of the
household head. We use data on 3010 households from the National Food Security, Nutrition
and Resilience Survey, conducted by the Executive Secretariat of the National Council for
Food Security (SE-CNSA) in Senegal. Food and nutrition security are measured using the Food
Consumption Score (FCS) and the Household Dietary Diversity Score (HDDS). Our results
indicate that higher resilience capacity improves both food consumption and dietary diversity,
with important heterogeneity across resilience levels and gender, and relatively greater fragility

among female-headed households in low-resilience situations.
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The rest of the paper is structured as follows: we provide an overview of the methodology and
data sources in section 3.2. The study area and descriptive statistics are presented in section
3.3, while section 3.4 presents the results and discussion. Finally, the conclusion and policy

implications are presented in section 3.5.

3.2 Methodology
3.2.1 Conceptual framework

3.2.1.1 RIMA 11 method

This study adopts the Resilience Index Measurement and Analysis 1l (RIMA-II) framework
developed by the Food and Agriculture Organization (FAO) as the main tool for assessing
household resilience (FAO, 2016b). RIMA-II provides a comprehensive and operational
framework for quantifying resilience through four dimensions: access to basic services (ABS),
assets (AST), social safety nets (SSN), and adaptive capacity (AC). Several resilience
assessment frameworks have been developed in the literature, differing in scope, level of
analysis, and methodological orientation. For instance, the Community Resilience Assessment
and Action (CoBRA) framework developed by the United Nations Development Programme
(UNDP) primarily focuses on community-level resilience and relies largely on participatory
and qualitative approaches (UNDP, 2016). Similarly, initiatives such as BRACED emphasize
resilience to climate extremes and disasters, with a strong programmatic and monitoring
orientation, rather than the construction of a standardized quantitative index. Other approaches,
including the Dynamic Resilience Wheel proposed by Lutheran World Relief (LWR), provide
valuable qualitative characterizations of resilience dimensions, but do not offer an econometric
framework for empirically linking resilience to welfare or food security outcomes (Lutheran
World Relief, 2016). The DFID Sustainable Livelihoods Framework is also widely used to
conceptualize how households mobilize livelihood assets within a given vulnerability context

and pursue different livelihood strategies (Department For International Development, 1999).
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However, it is primarily a diagnostic tool and does not provide a standardized econometric
procedure for constructing a household-level resilience index that can be estimated and directly
linked to food security outcomes using survey data. In contrast, RIMA-II is specifically
designed to measure household-level resilience to food insecurity through a structured, data-
driven approach, making it particularly suitable for the objectives of this study and the available

household survey data.
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Figure 3-1: Path diagram of the household’s resilience model, adapted from FAO (2016)

The Figure 3-1 illustrates the RIMA-II structure adopted in this study, where the four pillars
contribute to a latent resilience capacity measured by the Resilience Capacity Index (RCI),

which is then related to household food security outcomes.

Methodologically, the RIMA |1 approach applies a two stage procedure, including factor
analysis (FA) to construct the four resilience pillars (ABS, AST, SSN, AC) and a multiple

indicators and multiple causes (MIMIC)? model to estimate the resilience capacity index (RCI)

2 The MIMIC model is a latent variable structural equation model initiated by Joéreskog and Goldberger in 1975. The model is based on
behavioural hypotheses linked to an unobservable variable. The main underlying idea is to use observable variables (causal variables) to
determine the form and magnitude of an unobservable variable of an unobservable variable (latent variable).
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from the pillars and relate it to food security outcomes (FAO, 2016a). The RCI is derived from
a combination of observable household characteristics to capture resilience to food insecurity.
The resilience structure describes the contribution of each pillar to overall resilience capacity
and the contribution of each observed variable to its corresponding pillar. Resilience capacity
is quantified by the RCI. To estimate the RCI, a factor analysis is carried out to construct the
four pillars of resilience (ABS, AST, SSN, AC). To avoid the risk of multicollinearity, we use
the weighted sum method proposed by Bartlett (1937), which produces relatively unbiased
estimates. The four pillars are then combined into a composite index (Resilience Capacity
Index), representing the resilience of a household. Table 3-1 presents the list of the underlying

variables used to construct each resilience pillar.

The RCI is computed as a function of the four pillars (ABS, AST, SSN and AC), as shown in
equation (1)

RCI = f (ABS, AST, SSN, AC) (1)

A Min-Max scaling transformation is applied to generate a standardized index. Following

D’Errico et al. (2018) and Lascano Galarza (2020), we standardize RCI as presented in equation
().

RCI," = REL, =RCLw, 100 2)
RClmax _RCImin

where & represents the 4™ household, RCI; is the standardized resilience index after the Min-

Max transformation; and RCI ;, and RCI _,, are the minimum and maximum values of the

X

raw RCI in the sample.
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Table 3-1: Resilience pillars definition

Plll_a_rs of Definition Variables Variable descriptions
resilience
Drinking water 1 if household has access to potable®
g drinking water, O otherwise
Imoroved toilet facilit 1 if household uses improved toilet
P Y facilities, 0 otherwise
Access to - - Improved Solid waste 1 if household uses improved solid
: Household ability to meet basic R ; 1 ;
basic disposal waste disposal* method, 0 otherwise
. needs through access to - .
SEIVICES o o otial services Access to electricity 1 if household has access to
(ABS) electricity, 0 otherwise
Access to drainage 1 if household has a drainage system,
system 0 otherwise
L Inverse distance to nearest health
Health service distance R
facility (in km)
Productive assets are the main Wealth index per capita®  Wealth index based on hh ownership
elements that enable hh to of non-productive assets
ensure their subsistence by . . Agricultural asset index based on
: Agricultural index per . . .
Assets producing consumable and capitas ownership of farming equipment and
(AST) marketable goods. Non- P tools
productive assets relate to the . . .. TLU calculated as a weighted total of
characteristics of the home and Troplcal(?ﬁ/ss?t)ock Unit different livestock owned by the
the hh's capital goods. household
Food voucher 1 if the household received food
The social security pillar voucher, 0 otherwise
ylp - Cash transfers 1 if the household received cash
measures a household's ability .
. . - transfers, 0 otherwise
Social to receive prompt and reliable . . . .
; . Food aid 1 if the household received food aid,
Safety Net  assistance from relatives and .
. 0 otherwise
(SSN) friends, as well as from . . .
. . o . Sickness cover 1 if the household has sickness
international organizations, aid -
- coverage, 0 otherwise
agencies and NGOs. .
- . lifany household member belongs to
Association membership - .
an association, 0 otherwise
Education level of 1 if the household head has any
household head formal education, 0 otherwise
Dependence ratio® Ratio of non-working to working
. .. e household members
Adaptl_ve This is the household's ability Coping strategy Index based on the number and types
Capacity to recover from a shock and of coning stratedies adopted
(AC) develop new strategies. ping g P

Salary

Income sources diversity

1 if any household member earns a
salary, O otherwise

Number of distinct income sources
contributing to hh income

The descriptive analysis is then followed by a causal analysis. To do this, the model considers

two indicator variables which are the results of the latent variables. In this study, the causal

variables are the pillars of resilience and the two indicator variables are food security indicators:

3 These include Public tap, Tap in concession, protected improved well etc.
# Incineration, Cart collection, authorized waste collection etc.
5 The index is created through FA. Itis a proxy for the richness of a HH. It assumes higher values for HHs with a higher non-productive

asset position.

6 The index aggregates the dummy variables through FA. The index has a higher value for HHs with a higher productive asset position.
7 TLU is a weighted sum of the number of different livestock owned by the HH. The conversion weight is 1 camel; 0.7 cattle; 0.55

donkey/mule/horse; 0.1 sheep/goat; 0.01 chickens (poultry).

81tis given by: (([Population ages 0-14] + [Population ages 65-plus]) + [Population ages 15-64]) x 100). The lower, the better.
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the food consumption score (FCS) and the household dietary diversity score (HDDS). Several
model validation tests are carried out before estimating a regression model to determine the

effects of household socio-demographic characteristics and shocks on resilience.

The MIMIC model comprises of two key components. The first is the measurement equation
(3), which accounts for the fact that observed indicators of food security are imperfect measures
of resilience capacity. The second is the structural equation (4), which links the estimated
attributes to resilience capacity. The main factors included in the structural model used in the

MIMIC modelling process are (ABS, AST, SSN and AC).

The two food security indicators are modelled in the measurement part of the Structural

Equation Model (SEM) as:

FCS
{HDDS}:[APAZ]X[RCI]+[61,52] (3)
ABS
AST
[RCI]:[ﬁliﬂZ'ﬂS’ﬂ4]x SSN +[€3] (4)
AC

In the formative model, it is hypothesized that the resilience capacity index (RCI) is influenced
by the four pillars as in equation (4). These formative indicators are assumed to be correlated
and directly measured. In the reflective component, the model accounts for correlated errors
(¢) in the reflective indicators, which include measurement errors. The MIMIC model thus
enables the simultaneous estimation of the measurement model while incorporating causal
variables into the structural model for the latent resilience construct. This latent variable is

linearly determined by formative indicators or pillars (with some random errors, &, ), and in

turn, this unobserved resilience variable influences the observed reflective indicators (with

random errors, &, ands, ).
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The estimated RCI is not inherently tied to a specific measurement scale. To establish a scale,
the coefficient for food consumption score loading (A1) is set to 1. This indicates that a one-
unit standard deviation increase in the RCI corresponds to a one-unit standard deviation
increase in food consumption score. This approach also sets the unit of measurement for the

other outcome indicator (A2) and defines the variance for the two food security indicators.

3.2.1.2 Identification strategy

As explained in the introductory section of this study, endogeneity arises in the analysis of
household resilience and food insecurity due to potential reverse causality, omitted variable
bias and measurement error. If not properly addressed, these issues may lead to biased and
inconsistent estimates. To address endogeneity concerns, we estimate the first stage of the
2SLS by regressing the endogenous variable (RCI) on a set of independent variables and
instrumental variables, namely distance to the mosque or church and number of religious
brotherhood groups in the community. Social capital has been observed to increase resilience
(Aldrich & Meyer, 2015; Neagu, 2024), and religion is frequently used as a proxy for social
capital (Maselko et al., 2011; Radu et al., 2019). Proximity to religious institutions and the
presence of religious groups can facilitate social interaction and support networks within
communities, thereby strengthening household resilience capacity (Krok et al., 2021; Mhaka-

Mutepfa & Maundeni, 2019; Ozcan et al., 2021).

Accordingly, we used distance from the household to the nearest mosque or church and the
number of religious brotherhood groups as identifying instruments. These variables are
expected to influence household resilience capacity but not food security outcomes directly;
any influence on food security is assumed to operate indirectly through resilience. Consistent
with this assumption, previous studies show that food insecurity is primarily driven by
economic and structural factors rather than proximity to religious services (Poppendieck,

1999). In addition, some studies have employed geographic distance measures as valid proxies
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for resilience related characteristics (e.g., Sadri et al., 2018). Nevertheless, the validity of the
instruments ultimately depends on the exclusion restriction, which may be threatened if
religious proximity and group density influence food security through channels other than

resilience.

The relationship is estimated using instrumental variables (V) through two-stage least squares
(2SLS). Food security outcomes are expressed as a function of resilience and other exogenous

covariates as shown in the specification in equation (5) below:
Y, =a,+RCl + o, X, + ¢, (5)

where Y, represents the food security outcome for household i measured by FCS or HDDS;

a, the intercept (constant term) to be estimated, RCI, is the resilience capacity index and is
treated as an endogenous variable; X, is a vector of exogenous control variables, ¢, is the
parameter capturing the effect of resilience on food security outcomes; «,is a vector of

parameters associated with the control variables and ¢, is the error term.

Because RCI is constructed from factor analysis of survey-based (self-reported) indicators,
some measurement error may remain; therefore, coefficient magnitudes should be interpreted
cautiously.

Given that resilience is endogenous, we used the 2SLS instead of OLS. The first-stage is shown
in equation (6) which is a reduced form equation where the endogenous variable (RCI) is
expressed as a function of independent variables including the instruments.

RCl =y, + o X, +a,Z;, + &, (6)

Z, is a vector of instrumental variables

The second-stage estimates the structural equations using first-stage predictions as instruments,

as shown in equation (7):
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Y, =, +a,RCl + &, X, + &, @)

where RCI represents the predicted value of the resilience index obtained from equation 6.

To check for endogeneity, we used the Wu-Hausman test to assess the strength of our
instruments. The results of this test, which are presented in the results’ section, indicate that

the chosen variable is a valid instrument.

3.2.1.3 Dose response function

Conceptually, the dose-response function (DRF) approach enables us to examine how food
security outcomes change as household resilience levels changes incrementally, rather than
comparing households at only a few discrete resilience levels. In line with the analytical
framework presented in Section 2.1.1, resilience capacity is treated as a continuous
characteristic that links underlying resilience pillars to food security outcomes. The DRF
framework therefore makes it possible to assess whether marginal increases in resilience
capacity yield uniform or heterogeneous effects on food security, and whether these effects
vary across low, medium, and high resilience households. We utilize the Generalized
Propensity Score (GPS) method for continuous treatments, as proposed by Hirano and Imbens
(2004), to assess the impact of RCI on household food security in a continuous framework,
moving beyond the discrete analyses discussed earlier. Our focus is on estimating the average
Dose-Response Function (DRF), which links the potential food security outcome Yi (t) for

household i to varying levels of adoption intensity t.

The variable, D, (T;) which denotes receiving treatment t for household i, can be expressed as:

1 if T, =t
Dy (T)) ={ ' ©)

0, otherwise
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The observed outcome Y, can be expressed as a function of the treatment indicator D, and

potential outcome Y;, as:

Y, = ZZO D, ()Y, (10)

The generalized propensity score (GPS) is defined as the conditional on probability of a
household belonging to a particular intensity level of RCI given the pretreatment covariates

X;.

r(t,x) =Pr[T, =t| X, =x]-E[D,(T,)| X, - x|, Vte A (11)
where r(t, x) is the generalized propensity score.

Pris the probability of a treatment conditional on the pretreatment covariate minus the
expectation of the (extent) intensity of the level of treatment also conditional of the
pretreatment covariate V for all t that are members of A

The conditional expectation of each outcome is modeled as a function of the treatment (T, ) and

the GPS
E[Y,IT =t,R =r|=8,+0T,+8,T7 +,R +0,R’ +0,TR (12)

Expectation of the outcome conditional on the treatment status and the GPS is expressed as the
linear combination of the treatment (T, ), the GPS (Ifii ), their squares (FAQiZ) and their products
(Bia & Mattei, 2012).

The approach leverages the continuous nature of the treatment (i.e., Resilience Capacity Index)
without requiring the full normality assumption. It considers both treated and untreated units

to identify dose-response functions and average treatment effects, thereby utilizing the

complete information in the dataset. Additionally, it estimates other key causal parameters,
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including the average treatment effect (ATE), the average treatment effect on the treated

(ATET), and the average treatment effect on the untreated (ATENT).

By adopting this approach, the analysis captures non-linear and heterogeneous relationships
between resilience capacity and food security outcomes that cannot be observed using binary

or discrete treatment frameworks.
3.2.2 Data description

The data utilized in this study originates from the National Food Security, Nutrition, and
Resilience Survey, carried out by the Executive Secretariat of the National Council for Food
Security (SE-CNSA, 2019). Data collection occurred from January to February 2019 through

a multistage sampling method to gather quantitative data on households.

Initially, a systematic random selection of census districts was performed, proportional to the
population size of these primary units within each department or stratum. Each department was
stratified by place of residence (urban or rural), and samples were allocated proportionately
between urban and rural areas based on their demographic sizes. In each residence area, census
districts were selected systematically. Within these districts, 16 households were chosen using

the same systematic procedure.

In the second sampling stage, households within the chosen districts were selected
systematically. The systematic random method involved applying a sampling step (P),
representing the number of households between two sampled households. This step size was
determined by dividing the total number of households (N) in a census district by the number
of households to be surveyed (n). The resulting number (P) served as the increment for selecting
households in the sample. The ENSANR ensured stratified representativeness at both the
departmental level and by residence area for household indicators such as food security and

resilience, involving a total of 7,847 households. The survey covered the entire country,
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including all 14 regions and 45 departments of Senegal, with data collected through direct

interviews conducted by interviewers using smartphones.

For the specific analysis of household resilience to food insecurity in the Senegalese Groundnut
Basin, data was extracted from 19 departments within the Basin, resulting in a sample of 3,010
households composed of 2442 MHH and 568 FHH. Detailed information was gathered on
household characteristics, living conditions, farming practices, food consumption, income and
expenditure, and responses to shocks. To analyze food security information from the survey
data, two food access indicators are used: the Food Consumption Score (FCS) and the

Household Dietary Diversity Score (HDDS).
3.2.2.1 Food Consumption Score (FCS)

The Food Consumption Score (FCS) is a composite indicator, calculated on the basis of
frequency, diversity and nutritional importance of the food groups consumed by the household
during the seven (07) days preceding the interviewer's visit. With the FCS, households are
classified into three consumption groups: poor, borderline and acceptable.

Fes=3x

i=1

X, =W.F,

where i represents one food item, a total of eight groups of food. W represents the weight of

food and F is the frequency consumption (seven days’ worth).
3.2.2.2 Household Dietary Diversity Score (HDDS)

The food utilization dimension and micronutrient intake are measured using HDDS (Mulwa &
Visser, 2020). It is a qualitative measure of food consumption that reflects a household’s access
to a variety of foods (Rajendran et al., 2017). The number of foods or food groups that

households consumed the last day before the survey is represented by the HDDS. Twelve food
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groups were created from the items: cereals, tubers, vegetables, fruits, eggs, meat, fish,
legumes, milk, oil, sugar, and other foods (condiments). Higher scores are associated with
increased diversity and indicate enhanced food and nutrition security, whereas lower scores

indicate fewer diversified sources (Amolegbe et al., 2021). The HDDS formula is:
HDDS=) P
where P, =1 if the food group is consumed and 0 otherwise

3.2.2.3 Climate data

We obtain secondary data from Climate Hazards Center Infrared Precipitation with Stations
(CHIRPS), a mixed satellite/station product with a spatial resolution of 0.05 degrees, in order
to incorporate rainfall information into this study. In comparison to other datasets, CHIRPS
has shown an intriguing performance in Africa (Dinku et al., 2018). Because of CHIRPS's
spatial resolution, it may be employed with good precision on a relatively limited area, like the
Groundnut Basin. We obtained rainfall data in particular by using geo-referenced household
data. First created by McKee et al. (1993), the Standardized Precipitation Index (SPI) is a
drought indicator. Based on variables related to precipitation, the SPI is used to estimate wet
or dry conditions, and it is a common tool for identifying and tracking meteorological droughts
(McKee et al., 1993). The SPI is measured as:

Xt_Xt

O

SPI =

where X,, cumulative precipitation for a year; X,, Mean precipitation for the entire series

(1981-2018); o,, standard deviation of precipitation in the series.
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3.3 Study area and descriptive statistics

3.3.1 Study area

The Senegalese Groundnut Basin (depicted in Figure 3-2) encompasses the western and central
parts of the country, including the regions of Thies, Diourbel, Fatick, Kaolack, and Kaffrine,
as well as the departments of Louga, Kébémer, and Koumpéntoum. Covering an area of

approximately 46,367 square kilometers, it constitutes about a quarter of the area of Senegal.
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Figure 3-2: Geographical presentation of the study area

According to the population census in 2023, the Groundnut basin has 8,640,894 people,
representing 47% of the population (ANSD, 2023a). Beye (2015) notes that this region has
experienced the fastest population growth in recent times, with the population doubling
between 1988 and 2013. Groundnut, the main cash crop, is a significant source of income,

alongside other crops such as millet, cowpea, sorghum, cassava, watermelon, and hibiscus
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(Traore et al., 2021). For decades, the Groundnut Basin has been the economic heart of Senegal.
However, between 1970 and 1980, it faced numerous constraints that contributed to the

country's economic decline.

The duration of the rainy season is highly volatile due to the uncertainty in actual climate
variability. Nationally, 87.1% of farming households practice agriculture, with 57% relying on
rain-fed methods, predominantly in the Groundnut Basin (ANSD, 2014). In the north-central
part of this region, rainfall intensity is lower and the rainy season shorter, with isohyets between
400 mm and 600 mm (Roquet, 2008). Similarly, the south-central part experiences a decrease
in rainfall, with isohyets between 600 mm and 800 mm. Rain-fed agriculture remains the
primary livelihood for farm households. Additionally, fishing and livestock farming,
particularly cattle, small ruminants, and poultry, significantly contribute to income generation.
The Groundnut Basin of Senegal is characterized by tropical ferruginous soils, supporting
agricultural production mainly of dry cereals like millet and legumes such as groundnuts and

cowpeas.
3.3.2 Descriptive statistics

Table 3-2 presents the descriptive statistics for the observed variables used to construct the four
main pillars of household resilience: (ABS, AST, SSN, and AC). These pillars are
operationalized through a set of observable indicators, primarily dummy variables, derived
from household survey data. The ABS pillar includes six indicators: source of drinking water,
evacuation mode, solid waste disposal, source of lighting, sludge removal mode, and distance
to health services. On average, approximately 85% of households have access to an improved
water source, and about 59% have access to electricity. However, access to improved sanitation
and waste management services is significantly lower. Only 6.3% of households have access
to an improved evacuation mode, 29% to solid waste disposal, and 27.7% to a sludge removal

system. The average distance to the nearest health facility is approximately 0.06 km. The AST
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pillar reflects household wealth and access to productive assets. It is measured using the wealth

index per capita, agricultural wealth index per capita, and the Tropical Livestock Unit (TLU).

The mean values of the wealth and agricultural indices are low (0.0071 and 0.008,

respectively), indicating limited access to capital and agricultural tools. The average TLU is

1.27, but the high standard deviation (4.27) suggests considerable variation in livestock

ownership across households.

Table 3-2: Descriptive statistics of the variables

Pillars Variables Mean Standard Deviation
Water source 0.8538 0.3533
Evacuation mode 0.0634 0.2438
ABS _Solid waste 0.2906 0.4541
Lighting source 0.5890 0.4920
Sludge removal mode 0.2774 0.4477
Health service distance 0.0600 0.1010
Wealth index per capita 0.00711 0.0847
AST Agricultural wealth index per capita 0.0080 0.1417
Tropical Livestock Unit (TLU) 1.2720 4.2670
Food voucher 0.0009 0.0315
Cash assistance 0.1328 0.3395
SSN Food aid 0.0272 0.1628
Sickness cover 0.0056 0.0749
Association participation 0.3820 0.7935
Education level 0.8458 1.0297
Dependence ratio 7.5741 3.9818
AC Coping strategy 0.9658106 0.8815907
salary 30842.56 134052.9
diversity of income sources 1.5534 0.7305
Outcomes
FCS Food consumption score 72.0335 20.6783
HDDS Household dietary diversity score 6.4003 1.1033

Note: This table presents a brief descriptive statistics of the variables used in our estimation.

The SSN pillar captures household access to formal and informal assistance mechanisms. The

indicators include receipt of food vouchers, cash transfers, food aid, sickness coverage, and

association membership. The data reveal a low level of social safety net coverage. Less than

1% of households received food vouchers, 13% received cash assistance, and just 2.7%
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received food aid. Sickness coverage is nearly absent (0.6%), and only 38% of households
report participation in associations. The AC pillar reflects the household’s ability to cope with
and recover from shocks. It includes the education level of the household head, dependence
ratio, coping strategies employed, reported salary, and diversity of income sources. About
84.6% of household heads have received formal education. The average dependence ratio is
relatively high at 7.57, indicating a large number of dependents relative to working-age
household members. Approximately 96.6% of households report using at least one coping
strategy to deal with food insecurity. The average reported monthly salary is 30,842 FCFA,
though the standard deviation indicates high income inequality. On average, households rely
on approximately 1.55 income sources, suggesting moderate diversification. These descriptive
statistics provide a foundational understanding of the components contributing to household
resilience in the study area and highlight disparities in access to essential services and social

protection.
3.3.2.1 Descriptive analysis of resilience

Figure 3-3 shows the simple correlation between the pillars of resilience and RCI measured by
the Pearson correlation coefficient. It can be observed that, the most correlated pillars with the
RCI are respectively access to basic services, adaptive capacity, assets and social safety nets.

Therefore, any increase in these pillars leads to an increase in the RCI.
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Figure 3-3: Resilience structure: weighting and correlation of pillars in RCI

In Figure 3-4, we present the weighting and correlation of variables as the pillars. The Figure
reveals that ABS pillar, access to draining system, solid waste and electricity are the most
correlated variables in this pillar. In fact, these variables, which strongly contribute to access
to basic social services, are essential predictors of resilience, because they enable households
to meet their basic needs to better cope with shocks. In terms of AST, the agricultural index
plays an important role in creating the asset pillar. The level of equipment and the number of
livestock are equally important. Assets are crucial predictors of resilience, providing
households with a buffer against shocks and the means to generate income or facilitate
exchange. With regard to SSN, food assistance (cash, vouchers, food) is more correlated and
contribute more to this pillar. Programs or mechanisms that assist vulnerable households during
crises through cash transfers, vouchers and food distribution play an essential role in improving
household resilience. For the AC pillar, salary, level of education and coping strategies are the
most important factors. Adaptive capacity is strongly influenced by education, skills and

knowledge.
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Figure 3-4: Resilience structure: weighting and correlation of variables in the pillars

3.4 Results and discussion

In this section, we present the results from the RCI estimations. The estimates of the drivers of

resilience from MIMIC are first presented. This is followed by the estimates of the first and

second stages of the 2SLS to account for the potential endogeneity and finally the results of the

dose-response function to account for the heterogeneity in the impacts of resilience on food

insecurity in general and by gender.
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3.4.1 Associations between pillar components and the Resilience Capacity Index (RCI)

This section analyzes the relationship between the RCI and the variables used to estimate the
different pillars, to gain a better understanding of the main factors associated with household

resilience as measured by the RCI.

For the pillar ABS, results from our empirical estimations (table 3-3) show that better access
to improved draining systems, evacuation modes, lighting sources, solid waste management,
and principal water sources are positively associated with household resilience. These findings
are consistent with recent evidence showing that access to basic services and essential
infrastructure (e.g., water, sanitation, energy etc.) is linked to stronger household resilience by
reducing exposure to health and environmental risks and supporting coping and recovery
capacities (Tasnim et al., 2025; Terefe et al., 2025). In contrast, distance to health services is
negatively associated with resilience, reflecting the importance of timely access to healthcare
in mitigating the long-term welfare impacts of shocks (D’Errico et al., 2018; Smith &

Frankenberger, 2018).

For the pillar AST, both the wealth index per capita and Tropical Livestock Unit (TLU) have
positive and statistically significant associations with resilience. In contrast, the agricultural
index per-capita shows a negative and statistically significant association with resilience. This
negative association may reflect that, in predominantly rain-fed systems with limited irrigation,
insurance, and market access, higher agricultural asset holdings can indicate stronger reliance
on agriculture and higher exposure to climatic and price shocks (Gaurav, 2015; Vargas &
Porter, 2017). In such context, the agricultural asset index may proxy for exposure and
sensitivity rather than risk-mitigating capacity, since shocks can erode productive assets and

slow recovery, lowering resilience (Carter, 2006; Dercon, 2002).
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Table 3-3: Associations between pillar components and the Resilience Capacity Index

(RCI)

variables

RCI

ABS
Draining system
Evacuation mode
Lighting source
Solid waste
Principal water source
Health service distance
AST
Wealth index per capita
Tropical Livestock Unit (TLU)
Agricultural index per capita
SSN
Sickness cover
Cash assistance
Food aid
Food voucher
Association
AC
Education level
Dependence ratio
RCSI
Salary
Diversity of income sources
Cons

Observations R-squared

F-test

9.1217*** (0.6875)
8.7813*** (1.1458)
7.2267%** (0.5370)
7.3346%** (0.6332)
4.3657*** (0.6538)

-14.4041*** (1.9938)

13.9161*** (3.1320)
0.2690%** (0.0491)
-4.7191%** (1.6544)

4.2577 (3.4770)
-4.2695*** (0.6648)
-0.0124 (1.0861)
1.7649 (8.4380)
2.1877*** (0.2941)

0.0879 (0.2297)
0.0830 (0.0559)
1.7552%** (0.2805)
0.0092*** (0.0018)
-0.2786 (0.3378)
32.8086*** (1.0044)

0.4907

159.77 (0.0000)

Note: Robust standard errors are reported in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.

Regarding the SSN pillar, variables capturing the food assistance (cash assistance, food aid)

are negatively associated with resilience. This reflects that assistance is more likely to be

received by households that are already more vulnerable rather than implying that assistance

reduces resilience. At the same time, sickness cover and association membership are positively

correlated with resilience. Which is consistent with the role of risk-sharing, social capital, and



access to support networks in strengthening households’ coping capacity (Aldrich & Meyer,

2015).

Finally, for the AC pillar, most variables show positive associations with resilience, although,
the diversity of income sources is negatively associated with resilience and is not statistically
significant. A plausible explanation is distress-driven diversification, where households add
multiple low-return activities as a coping strategy, so more income sources may signal
vulnerability rather than resilience, and welfare gains depend on moving into higher-return

activities rather than diversification alone (Ellis, 2000; Gautam & Andersen, 2016).
3.4.2 Resilience by gender

In the sample 81% percent of households are headed by a man, while 19% percent are headed
by a woman. Female-headed households (FHH) have on average RCI of 58 while male-headed
household (MHH) have an average of 52. Analyzing resilience by gender shows that FHH are
on average more resilient than MHH. This is in line with previous findings in the FAO
resilience report for Senegal in 2005 and 2011(FAO, 2017; FAQ, 2018). This result could be
attributed to the fact that majority of female headed-households are located in urban areas,
where RCI is generally higher than in rural areas. According to the Senegal’s 2023 general
population census, 78% of FHH in the country live in urban areas, who are better off in terms
of resilience (ANSD, 2023Db). In addition, FHH are less affected by poverty in Senegal. In 2021,
21.8% of people living in FHH were poor, compared to 42.7% of people living in MHH

(ANSD, 2021).
3.4.3 The Multiple Indicators and Multiple Causes (MIMIC) model results

The MIMIC model was estimated using the maximum likelihood (ML) method. The goal is to
understand the relationship between a latent variable (RCI), observed exogenous variables (the

four resilience pillars) and observed outcome indicators (FCS and HDDS). Table 3-4 below
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presents estimates of the MIMIC model for the resilience capacity index. The statistical section
presents the results of the robustness checks across different estimation methods. The Chi-
square statistic is 23.565 with a p-value of 0.000, which is statistically significant; however,
the Chi-square test is highly sensitive to large sample sizes, so model fit is assessed primarily
using alternative fit indices (Stevens & Pituch, 2016). The RMSEA, is 0.048, which is below
the threshold of 0.05, suggesting a good fit. The probability that RMSEA<0.05 is 0.542,
providing additional support for a good fit (Browne & Cudeck, 1992). Also presented in the
table are the TLI (0.984) and CFI (0.995) indices. The TLI measures the proportion of the
variance explained by the model compared with the base model, while CFI compares the model
with the base model. These indices indicate an excellent fit (values closer to 1 represent better

fit). The fit statistics support the adequacy of the estimated MIMIC model.

The estimated coefficients of the resilience pillars reported in Table 3-4 indicate that all four
pillars are positively associated with the Resilience Capacity Index (RCI). However, only ABS,
AC, and AST exert a statistically significant influence on household resilience, while the SSN
pillar, although positive, is not statistically significant. Among the significant pillars, ABS
contributes the most to resilience, followed by AC and AST. Since the estimated RCI is not
anchored to any scale of measurement, for identification, we normalize the latent resilience
index by fixing its variance to one, so coefficients are interpreted relative to this normalization.
Specifically, a one-unit increase in the ABS pillar is associated with a 0.35-unit increase in the
RCI, highlighting the critical role of infrastructure and service access in strengthening
household resilience. Similarly, one-unit increases in adaptive capacity and assets are
associated with increases in the RCI of 0.16 and 0.09 units, respectively. In contrast, the SSN
pillar does not show a statistically significant effect on resilience in the study area. This result
is consistent with previous studies conducted in Senegal, which also find limited or

insignificant contributions of social safety nets to household resilience (FAO, 2016a; SECNSA,
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2017). Similar conclusions are reported by Ado et al. (2019) and Pietrelli (2018), who
emphasize that access to basic services, assets, and adaptive capacity are the primary drivers
of household resilience, while social safety nets play a more limited role in building long-term

resilience.

Table 3-4: Results of the estimated MIMIC model for estimating household resilience
index

Coefficient Standard errors
Structural component
Access to Basic Services (ABS) 0.3495*** (0.0176)
Assets (AST) 0.0902*** (0.0176)
Social Safety Nets (SSN) 0.0282 (0.0173)
Adaptive Capacity (AC) 0.1645 *** (0.0187)
Measurement component
Food Consumption Score 0.8622*** (0.0121)
(FCS)
Household Dietary Diversity .
Score (HDDS) 0.0946 (0.0124)
Goodness of fit tests
Number of observations 3010
Chi-square 23.565
(P-value) 0.000
RMSEA 0.048
Probability RMSA<0.05 0.542
CFI 0.995
TLI 0.984

Note: Standard errors in parentheses, * p < 0,1, ** p < 0,05, *** p < 0,01

Our empirical results further indicate that the measurement indicators (FCS and HDDS) are
positively and statistically significantly associated with the latent resilience index, supporting
the role of resilience as an underlying capacity linked to food consumption and dietary

diversity. This suggests that households with higher resilience levels are more likely to have
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better food consumption outcomes. Furthermore, these results suggest that households with
high levels of ABS, AST and AC are more likely to be resilient to food insecurity in the study

area, consistent with Bezabih (2021), who found similar results.
3.4.4 Household resilience capacity and food security

Table 3-5 presents our main 2SLS estimates of the relationship between RCI and household
food security outcomes (FCS and HDDS). The Wu-Hausman test rejects the exogeneity of
RCI, suggesting that OLS estimates may be biased and motivating the use of a 2SLS approach.
The 2SLS coefficients can be interpreted as causal effects only under the standard 1V
assumptions (instrument relevance and the exclusion restriction); given the cross-sectional
design, these assumptions cannot be fully verified and some residual confounding may remain.
In Table 3-5, we also report OLS estimates alongside the preferred 2SLS specifications to
provide a benchmark and to illustrate how accounting for endogeneity affects the estimated

relationship between RCI and food and nutrition security outcomes.

The first-stage regression indicates that the number of religious groups in a community has a
positive and significant effect on the Resilience Capacity Index (RCI). Conversely, a greater
distance to the nearest mosque or church exerts a negative and significant influence on the RCI.
These findings support the relevance condition of the instrumental variables, confirming their
suitability for addressing endogeneity in the analysis. Religious faith is a key factor in fostering
resilience (Greeff & van der Merwe, 2004). As highlighted in the literature, spirituality and
religious engagement support emotional and psychological well-being, reinforce social support
networks, provide a sense of purpose, and encourage adaptive practices, all of which
strengthens a household’s capacity to manage and recover from shocks (Krok et al., 2021;
Ozcanetal., 2021). Furthermore, closer proximity to religious centers enhances social learning,
promotes interaction, and facilitates access to shared norms and values, all of which reinforce

resilience at the community level. Thus, the positive association between the number of
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religious groups and RCI reflects the role of religion as a component of social capital that

supports resilience (Aldrich & Meyer, 2015; Neagu, 2024).

Table 3-5: 2SLS models of food and nutrition security outcomes

FCS HDDS
(1) OLS 2SLS OLS 2SLS
(2) 3) (4) (5)
First stage Second stage Second
stage
RCI 0.9522*** 0.7102%** 0.0443***  (0.0344 ***
(0.0137) (0.0641) (0.0010) (0.0046)
Occupation -0.0555 0.4698 0.3947 0.0302 0.0271
status (0.6188) (0.4829) (0.4984) (0.0231) (0.0241)
Female-headed 7.0358*** -2 7741*** -0.7829 0.0075 0.0893
household (0.8145) (0.6321) (0.8449) (0.0410) (0.0562)
0.1471%** -0.0330* 0.0068 -0.0015
Age 0.0031***
(0.0229) (0.0169) (0.0209) (0.0011) (0.0013)
Household size -0.0808 0.1155*** 0.0859** 0.0035 0.0023
(0.0524) (0.0373) (0.0401) (0.0022) (0.0023)
Rainfall 0.1710 -0.3938*** -0.3624** -0.0217**  -0.0205**
anomaly (SPI) (0.1886) (0.1486) (0.1505) (0.0093) (0.0094)
Theft livestock '2('376%22) '1('(?2%;9) '2('5‘ f.g‘;l) 0.1218%%*  0.1411%**
' ' ' (0.0273)  (0.0287)
Death livestock -3.4229* -0.0149 -0.8568 -0.0301 -0.0647
(1.8854) (1.2244) (1.5685) (0.1000) (0.1146)
Number of 1.1982***
religious groups (0.2903)
Distance to the =~ -1.9275***
mosque/church (0.1646)
cOns 41.3513***  25,1522*** 34.9246*** 4.2595*%**  4.6611***
(3.2619) (2.4956) (3.5655) (0.1240) (0.2204)
R-squarred 0.1021 0.5957 0.4937 0.4705
F-statistic (0%862010)
341.41 257.89
Wald y* (0.0000) (0.0000)
MOP effective F 83.765 83.765
(weakivtest)
Wu-Hausman 16.6248*** 5.1311**
observations 3010

Note: Robust Standard errors in parentheses, *p < 0,1, **p < 0,05, ***p < 0,01.
The results also show that female headed households’ resilience index is higher by 7.03,

compared to male-headed households. Age also appears to play a significant role, each
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additional year of the household head’s age increases the RCI by 0.14 points, likely due to
accumulated experience in managing risks and resources. These findings are consistent with
D’Errico & Pietrelli (2017), who observed similar trends in resilience linked to household
demographics. However, the results also indicate that households affected by adverse shocks,
such as theft or death of livestock, exhibit significantly lower resilience levels, underscoring

the vulnerability associated with such events.

The second-stage regression results from the 2SLS show a positive relationship between
resilience capacity and both food consumption and household dietary diversity, implying that
higher RCI increases the outcome indicators on average by about 0.71 points in FCS and 0.03
food groups in HDDS. This suggests that improved resilience capacity significantly increases
the food consumption score and household dietary diversity score, implying better food
security as resilience increases. These results reinforce previous empirical research,
demonstrating that increased household resilience leads to a reduction in food insecurity levels

(D’Errico et al., 2018).

The relationship between shocks and food security outcomes appears to be rather complex. The
rainfall anomaly, represented in Table 3-5 by SPI, is negative and significant. In particular, a
one-unit increase in SPI reduces the FCS by 0.36 points and the HDDS by approximately 0.02
food groups. The coefficients on the variables capturing livestock theft shocks are negative and
statistically significant, suggesting that livestock theft reduces the FCS by about 2.43 points
and the HDDS by about 0.14 food groups. These results indicate that higher climatic or
economic shocks tend to exacerbate the household food and nutrition insecurity (Kegode et al.,

2025).

While Table 3-5 provides the main estimates from the 2SLS framework, the relationship

between resilience and food security may not be linear and may differ across households with
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different resilience levels; therefore, we complement the 2SLS results with a dose-response

analysis in the following section to examine heterogeneity across the distribution of RCI.
3.4.5 Impact of household resilience capacity on food security indicators

A significant motivation of this study is to assess whether households are resilient to food
insecurity and whether this relationship varies across different levels of resilience capacity. To
achieve this, we present the estimation results of key treatment effect parameters in Table 3-6
for the FCS and the HDDS, respectively, and we also illustrate the estimated dose-response
functions in Figure 3-5. Unlike Table 3-5, which reports the 2SLS average effect, Table 3-6
reports treatment effect parameters from the dose-response framework (ATE, ATET, ATENT)
that capture how the impact of changes in RCI differs for households with different initial
resilience levels.

The RCI has a statistically significant positive impact on both food security indicators (FCS
and HDDS), as indicated by the positive average treatment effect (ATE) values. This suggests
that, on average, a percentage increase in RCI intensity on a randomly selected household
increases the FCS and HDDS by approximately 5% and 16%, respectively. Concerning the
average treatment effect on treated (ATET), among households with positive RCI values, a
percentage increase in RCI intensity increases the FCS and HDDS by 8% and 27%,
respectively. By contrast, the average treatment effect on the untreated (ATENT) is negative
and large in magnitude, indicating substantially worse outcomes among households with very
low resilience. Specifically, the ATENT estimate a reduction of the FCS and HDDS by
approximately 152% and 336% respectively. This highlights the importance of resilience
capacity in maintaining food security and dietary diversity, as very low resilience is associated
with substantial negative outcomes. The estimates reveal that ATET >ATE >ATENT, implying
positive selection effect, where households with higher resilience capacity benefit more from

increases in food consumption and dietary diversity.
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Table 3-6: Dose-response treatment effects parameters

Parameters FCS HDDS
0.0464*** 0.1640***
ATE
(0.0085) (0.0328)
0.0824*** 0.2677***
ATET
(0.0124) (0.0412)
-1.5200*** -3.3655***
ATENT
(0.07248) (0.2765)

Number of observations 3010

Note: This table displays the estimates for ATE (average treatment effect), ATET (average treatment effect on the treated),
and ATENT (average treatment effect on the untreated). Standard errors for ATET and ATENT, shown in parentheses, are
derived from 200 bootstrap simulations. Significance levels are indicated as follows: *p < 0.1, **p < 0.05, ***p < 0.01.

The results above provide evidence of heterogeneity in the effects of RCI on FCS and HDDS.
To shed more light on this relationship, we present in Figure 3-5 the estimated dose-response
functions of FCS and HDDS at each resilience level, together with the 95% confidence interval
bounds. The outcomes demonstrate a positive relationship between RCI intensity and both FCS
and HDDS. Figures 3-5A and 3-5B show non-linear relationships, where the outcomes increase

RCI up to a maximum and then decline slightly.

Estimation of ATE(t;delta) = E[y(t+delta)-y(t)] Estimation of ATE(t;delta) = E[y(t+delta)-y(t)]

Outcome variable: FCS Outcome variable: HDDS

ATE(t,delta)
ATE(t;delta)

Dose () Dose (1)

Der_ATE(t) Der_ATE(t)
***** 5% significance ————- 5% significance

Model: ct-ols ; deita = 10 Model: ct-ols ; deita = 10

A. Curve for FCS B. Curve for HDDS

Figure 3-5: Estimated dose-response functions
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This relationship indicates that the marginal returns to resilience vary across the distribution of
the RCI. Enhancements in resilience produce greater benefits at low to moderate levels,
whereas the additional gains taper off beyond an “optimal” threshold, resulting in a flattening
of the dose-response curve. This interpretation is consistent with dose-response evidence
documenting threshold effects and diminishing returns to treatment intensity (Adam &
Abdulai, 2024). A plausible mechanism is a resource-allocation trade-off: as resilience
intensity rises, limited household resources may be spread more thinly across multiple
investments, reducing efficiency and lowering the additional food security gains from further
increases in resilience, an explanation also highlighted by Adam & Abdulai (2024) for non-

linear responses at higher treatment intensities.
3.4.6 Impact of RCI on food security indicators by gender

The comparative analysis of dose-response function results for resilience capacity index (RCI)
on food security indicators (FCS and HDDS) across female and male headed households, as
well as in the pooled sample, reveals important gender differentiated effects (table 3-7). The
estimated ATE shows that resilience capacity has a positive and statistically significant effect
on both food consumption and dietary diversity for both genders. However, the effect on dietary
diversity (HDDS) is more pronounced for female-headed households than for male-headed
households. This evidence indicates that gains in resilience capacity may be more effectively
converted into improved dietary outcomes in households headed by women. This finding can
be interpreted through the lens of intra-household resource allocation theory, which emphasizes
that women and men differ in expenditure priorities. Empirical evidence shows that women
tend to allocate resources toward food quality, dietary diversity, and nutrition-related
expenditures when they have greater control over household resources (Jemaneh & Shibeshi,
2023; Nnaji et al., 2022). As a result, improvements in resilience capacity may be more directly

reflected in dietary diversity outcomes among female-headed households. This helps explain
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why HDDS responds more strongly to resilience among female-headed households, even when

overall food consumption improves for both genders.

The estimated average treatment effect on the treated (ATET) further reinforces this
interpretation. While resilience capacity significantly improves both FCS and HDDS for
treated households of both genders, the magnitude of the impact is larger for female-headed
households, particularly with respect to dietary diversity. This finding aligns with the women’s
empowerment and household decision-making literature, which indicates that when women
exert greater control over resource allocation, improvements in productive capacity and
resilience are more likely to result in enhanced nutritional outcomes rather than merely higher
caloric consumption (Njuki et al., 2022; Yimer et al., 2025). In this context, resilience capacity
may enhance women'’s ability to smooth consumption, diversify diets, and protect food quality
during periods of stress.

Table 3-7: Estimates of treatment effects parameters by gender

Female Male
Parameters FCS HDDS FCS HDDS
ATE 0.0406* 0.2186*** 0.0490*** 0.1577***
(0.0230) (0.0837) (0.0110) (0.0363)
0.0914*** 0.3909*** 0.0831*** 0.2582***
ATET
(0.0317) (0.1089) (0.0150) (0.0437)
-2.4347%** -5.8083*** -1.4395*** -3.1912%**
ATENT
(0.3038) (1.1546) (0.0827) (0.2819)
Number of
568 2442

observations

Note: This table displays the estimates for various treatment effect parameters: ATE (average treatment effect),
ATET (average treatment effect on the treated), and ATENT (average treatment effect on the untreated). Standard
errors for ATET and ATENT, shown in parentheses, are derived from 200 bootstrap simulations. Significance
levels are indicated as follows: *p < 0.1, **p < 0.05, ***p < 0.01.

In contrast, the negative and statistically significant ATENT estimates for both female and male
headed households indicate that households with very low resilience capacity would experience

substantial declines in food security outcomes. The larger negative effects observed for female
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headed households suggest that these households may be more vulnerable to shocks in the
absence of resilience building mechanisms. Although female-headed households exhibit higher
average resilience, those in the lower tail of the resilience distribution appear particularly
vulnerable, which helps explain the larger negative ATENT estimates. This may reflect
structural constraints frequently documented in the literature, including weaker access to land,
credit, and labor markets, as well as fewer buffers to smooth consumption (Fikre & Tsige,
2025; Nnaji et al., 2022). Moreover, because women often prioritize food quality and dietary
diversity when resources are available, severe resilience deficits may bind more strongly on
diet outcomes, making adverse non-resilience effects more visible among female-headed

households (Gupta et al., 2024; Njuki et al., 2022).

Having established the gender differentiated average treatment effects (ATE, ATET, and
ATENT), we now examine how the impact of resilience varies across different levels of the
RCI using the estimated dose-response functions. The dose-response curves illustrate

pronounced gender-specific heterogeneity in the resilience food security relationship.

For female-headed households (Figures 3-6A and 3-6B), food security outcomes improve with
increasing resilience capacity up to an optimal range (approximately RCI values between 60
and 70), after which marginal gains diminish. This non-linear relationship points to decreasing
marginal returns to resilience at higher intensity levels and implies that complementary
measures such as nutrition education, enhanced market access, or empowerment-oriented
programs may be required to maintain continued improvements in dietary outcomes. For male-
headed households (Figures 3-6C and 3-6D), the dose-response relationship appears more
monotonic, with higher resilience consistently associated with improved food security

outcomes.
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Figure 3-6: Estimated dose-response functions by gender of household head

These results indicate that resilience capacity operates in conjunction with gender-specific roles
and intra-household resource allocation dynamics. While resilience investments improve food
security for all households, their nutritional returns appear stronger for female-headed
households. These findings underscore the importance of integrating gender responsive
approaches into resilience-building interventions, particularly those aimed at improving dietary

diversity and nutrition outcomes.

3.5 Conclusion and policy implications

In this study, we examine the heterogeneous impact of resilience on food and nutrition security,
disaggregated by gender, using household-level data from Senegal. We use the Resilience
Index Measurement and Analysis Il (RIMA-I11) framework to quantify resilience, and the two-

stage least square (2SLS) method to address potential endogeneity problems. We also employ
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the dose-response analysis to explore the relationship between the "dose" (the level of the
Resilience Capacity Index) and the "response™ (Food Consumption Score and Household
Dietary Diversity Score). Our empirical results show that Access to Basic Services (ABS),
Assets (AST) and Adaptive Capacity (AC) positively and significantly affect households’
resilience to food insecurity. Female headed-households (FHH) are more resilient than male-
headed ones. The results from the 2SLS underscore the importance of resilience in improving
food security outcomes. Higher Resilience Capacity Index (RCI) is associated with better food
and nutrition security indicators (FCS and HDDS). In contrast, the findings underscore that
rainfall anomalies (SPI), livestock theft and livestock deaths have negative and significant
effects on households’ resilience capacity and on food and nutrition security indicators. The
dose-response analysis reveals substantial heterogeneity in the impact of resilience capacity
index on food and nutrition security of households by gender of household head. Although the
impact is generally positive across both genders, female-headed households appear to benefit

substantially more from increased RCI in terms of food security outcomes.

These findings underscore the necessity of implementing gender-sensitive policies that
explicitly address the distinct challenges faced by female-headed households, including
restricted access to productive resources and heightened vulnerability to shocks. Strengthening
resilience should therefore prioritize enhancing access to critical productive assets and
promoting climate-smart agricultural practices. Furthermore, social protection mechanisms and
safety nets are essential to protect households against shocks such as droughts and livestock
losses. Investments in early warning systems and risk management instruments, including
index-based insurance schemes, are also vital to enable timely and effective responses to
climatic and economic disturbances. By adopting these targeted and integrated approaches,

policymakers can enhance the resilience of vulnerable households, thereby improving
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immediate food security outcomes, while contributing to sustainable poverty reduction and

overall well-being in rural Senegalese communities.
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Appendices

Table 3-Al: Pillar factor loadings for ABS

Variables Factorl Factor?2 uniqueness
Water source 0.0938 0.1620 0.9650
Evacuation mode 0.4281 0.0446 0.8147
Solid waste 0.6751 -0.0310 0.8147
Lighting source 0.5311 0.0335 0.7168
Sludge removal
0.6705 -0.0476 0.5481
mode
Health service
) 0.0058 0.1195 0.9857
distance
KMO 0.7135

The first two eigenvalues explaining>95% of the cumulative variance have been predicted with

the Bartlett’s method. To calculate ABS the following formula has been used:

ABS=(eigenvaluel*proportion variance + eigenvalue 2 *proportion variance)/total variance.

In the current analysis, KMO =0 .7135, which provides additional evidence for the

appropriateness of conducting factor analysis on our variables.

Table 3-A2: Pillar factor loadings for AST

Variables Factorl Factor?2 unigueness
Wealth index per capita 0.0423 0.1471 0.9766
Agricultural index per capita 0.2565 0.0325 0.9332
Tropical Livestock Unit (TLU) 0.2401 -0.0607 0.9387
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Table 3-A3: Pillar factor loadings for SSN

Variables Factorl Factor2 Factor3 uniqueness
Food voucher 0.1429 0.0845 -0.0491 0.9700
Cash assistance 0.0324 0.1018 0.0486 0.9862
Natural aid 0.2076 -0.0060 -0.0025 0.9569
Sickness cover -0.0485 0.1001 0.0391 0.9861
Association 0.1240 -0.0748 0.0633 0.9750
Table 3-A4: Pillar factor loadings for AC
Variables Factorl Factor2 uniqueness
Education level 0.4374 -0.0081 0.8086
Dependence ratio4 0.1747 -0.0794 0.9632
RCSI 0.3571 0.0415 0.8708
Salary 0.4256 0.0248 0.8183
Diversity of income
-0.0592 0.1343 0.9785

sources
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Chapter Four

Does the Level of Crop Diversification Influence Child Nutritional Outcomes? Evidence

from Rural Senegal

Adama Faye, Awudu Abdulai
Department of Food Economics and Consumption Studies, University of Kiel, Germany

To be submitted to Canadian Journal of Agricultural Economics

Abstract:

Child undernutrition continues to be a major challenge in many sub-Saharan African countries.
In this study, we examine the impacts of the level of crop diversification regimes (low,
moderate and high) on child anthropometric outcomes such as height-for-age (HAZ), weight-
for-height (WHZ), and weight-for-age (WAZ) among rural households in Senegal. We utilize
a multinomial endogenous switching regression (MESR) model to address selectivity bias
emanating from observed and unobserved factors. The empirical results reveal a strongly
nonlinear relationship. Compared with low crop diversification, moderate crop diversification
increases HAZ, WHZ, and WAZ by 0.23, 0.21, and 0.14 standard deviations (SD),
respectively, while high crop diversification generates substantially larger improvements (1.06,
0.65, and 0.98 SD) and remains strongly beneficial even relative to the counterfactual of
remaining moderately diversified. Disaggregated estimates indicate spatial heterogeneity, but
mirror the pooled results in showing that nutrition gains are most consistently realized once
households reach high crop diversification. These findings suggest that policies should move
beyond incremental diversification and instead reduce the constraints to horticulture-inclusive
systems through improved market and storage infrastructure, better access to inputs and seeds,
targeted extension services, and feasible water control options, while leveraging social learning

to accelerate adoption.

Keywords: Crop diversification, child anthropometry, Multinomial endogenous switching

regression, Rural Senegal.

113



4.1 Introduction

Child undernutrition remains a major challenge in Sub-Saharan Africa, with long-run
consequences for human capital and welfare (Riwa et al., 2025). Available evidence reveals a
high burden of stunting and wasting among children under five, with Africa accounting for a
disproportionate share (FAO et al., 2023; UNICEF et al., 2023). In Senegal, undernutrition is
still a pressing concern: 19% of children are stunted, 8.2% suffer from acute malnutrition, and
13.5% are underweight (SE-CNSA, 2019). Beyond anthropometric deficits, many rural
households face “hidden hunger,” with diets deficient in essential micronutrients even when
caloric needs are partly met (Lowe, 2021; Stevens et al., 2022). These early-life deficiencies
impair cognitive development and educational attainment, reduce adult productivity, and
reinforce intergenerational poverty (Gillespie & van den Bold, 2017; Lovo & Veronesi, 2019).

They also contribute to a substantial share of under-five mortality (Bhutta et al., 2013).

Rural households are particularly vulnerable because their livelihoods heavily depend on rain-
fed agriculture (llboudo Nébié et al., 2021). This dependence exposes them to climate and
income shocks that can lead to seasonal food gaps and reduce the resources available for
childcare and health-seeking. Child malnutrition is inherently multi-causal, reflecting
inadequate dietary intake and food availability (Kumar et al., 2024; Prasad et al., 2023),
exposure to infectious diseases (Prendergast & Humphrey, 2014), and broader household

socio-economic conditions (Harris & Nisbett, 2021; Jehan et al., 2012).

Given the major role of agriculture in rural Senegal, crop diversification is often framed as a
nutrition-sensitive strategy because it can expand the set of foods available for home
consumption, strengthen and stabilize income for food and health-related purchases, and reduce
exposure to seasonal food shortfalls (Lazzaroni & Wagner, 2016; Sibhatu & Qaim, 2018).
These channels suggest potential links with child growth measured by height-for-age (HAZ),

weight-for-age (WAZ), and weight-for-height (WHZ) (Adem et al., 2018). In particular,
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improvements in diet quality and micronutrient intake may promote long-term linear growth
(HAZ) (Soliman et al., 2021), while income stabilization and the mitigation of seasonal food
shortages may more strongly influence short-term weight outcomes (WHZ and WAZ) (Abay
& Hirvonen, 2017; Grellety & Golden, 2016). Broadening the portfolio of crops cultivated,
especially when nutrient-dense crops are incorporated, may improve children’s food and
nutrition outcomes through both own-consumption and income-mediated pathways (Tesfaye,

2022).

Empirical evidence on the relationship between production diversity and child growth remains
mixed. Some studies report positive associations between production diversity and children’s
HAZ and WAZ, and in some cases WHZ, especially for specific age groups and in areas with
limited market access where own-production directly shapes diets (Kumar et al., 2015; Lovo
& Veronesi, 2019). Others find weak or null associations with HAZ, WAZ, or WHZ even when
dietary diversity improves (Kaibi et al., 2016; Luna-Gonzélez & Sorensen, 2018), while multi-
country analyses suggest small average relationships and substantial context dependence
(Khonje et al., 2022). Moreover, recent studies have argued that the effects of crop
diversification may be nonlinear and heterogeneous across contexts and outcomes (e.g., Adam
& Abdulai, 2024; Nguyen & Qaim, 2025), raising a policy-relevant question of whether

nutritional gains also vary across levels of crop diversification.

In this study, we examine heterogeneous crop diversification and child nutritional outcomes in
Senegal’s Groundnut Basin, a major agricultural zone where rain-fed production systems and
uneven market access make crop diversification particularly relevant for child nutrition. The
region provides an appropriate setting for analyzing whether the nutritional effects of
diversification vary across production regimes and locations. In particular, diversification that

includes horticultural crops may generate different nutritional outcomes than staple-based
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diversification by altering both the nutrient composition of foods available within households

and the timing and stability of household income over the agricultural year.

A key empirical challenge in analyzing the impact of crop diversification is that crop
diversification strategies are not chosen at random. Production decisions reflect observed
constraints and unobserved factors that may also affect child nutrition. Estimates that ignore
endogenous selection risk may conflate the role of diversification with non-random sorting into
production regimes (Abdulai, 2016). Moreover, much of the existing evidence relies on
propensity score matching (PSM) or binary endogenous switching regression frameworks
(Ochieng et al., 2020), often treating diversification as a yes/no decision. Such approaches
obscure differences across ordered levels of diversification and do not allow researchers to
identify whether child anthropometric measures such as height-for-age (HAZ), weight-for-age
(WAZ), and weight-for-height (WHZ) z-scores, respond differently to the intensity and
composition of diversification (Cornelissen et al., 2016; Khonje et al., 2018). This is an
important limitation, as nutritional responses may differ across levels and types of

diversification.

Our study contributes to the empirical literature on crop diversification and nutrition in three
ways. First, rather than treating diversification as a binary decision, we analyze how children’s
anthropometric outcomes (HAZ, WAZ, and WHZ) differ across multiple, ordered crop
diversification regimes. Second, we investigate whether the diversification-nutrition
relationship is nonlinear by comparing outcomes across low and higher diversification regimes.
Third, we document spatial heterogeneity in these relationships across the Groundnut Basin,
identifying where diversification is more or less likely to be associated with improved child
anthropometrics. Together, these contributions provide new evidence on threshold effects,
regime dependence, and geographic variation in the crop diversification- child nutrition

relationship in rural Senegal.
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To account for selection into multiple regimes and allow expected child outcomes to vary
across regimes, we employ a multinomial endogenous switching regression (MESR) model
following Bourguignon et al. (2007). Specifically, we use data on 1,216 children from the
National Food Security, Nutrition and Resilience Survey conducted by the Executive
Secretariat of the National Council for Food Security (SE-CNSA). We focus on rural
households that grow groundnuts and children under five. Our findings reveal that more
favorable nutritional outcomes are mostly observed once households reach high crop

diversification.

The rest of the paper is organized as follows. Section 4.2 describes the data used in the analysis.
Section 4.3 presents the study area and the descriptive statistics, while Section 4.4 outlines the
methodological approach. Section 4.5 presents and discusses the empirical results, and Section

4.6 concludes with the policy implications of the findings and suggestions for future research.
4.2 Data description
4.2.1 Data collection

The data used in this study come from the National Food Security, Nutrition and Resilience
Survey conducted by the Executive Secretariat of the National Council for Food Security (SE-
CNSA) in Senegal. The survey was implemented between January and February 2019 and
collected nationally representative data on households, including information on food security,
resilience, and child nutritional outcomes. This survey follows a Standardized Monitoring and
Assessment of Relief and Transitions (SMART) sampling design, which ensures the
representativeness of children under five years of age for nutritional indicators. Specifically,
the survey is regionally representative for individual-level nutrition indicators for children

under five years of age and departmentally representative by area of residence (urban/rural) for
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household level indicators related to food security and resilience. This design makes the survey

particularly suitable for analyzing child anthropometric outcomes.

The survey employed a multistage stratified sampling design. In the first stage, census districts
were selected using probability proportional to the population size within each stratum. Strata
were defined by departments and areas of residence (urban and rural). In the second stage, a
fixed number of 16 households per census district were selected using systematic random
sampling. Sample size calculations were conducted independently for each stratum using
Emergency Nutrition Assessment (ENA) for SMART software (July 2015 version), following
the SMART Sampling Manual (version 2, April 2012). The sample size calculations accounted
for regional or departmental malnutrition prevalence from previous surveys, a 95% confidence
level, the desired precision, the design effect, the proportion of children under five in the

population, average household size, and expected non-response rates.

The full ENSANR survey covered 7,847 households across all 14 regions and 45 departments
of Senegal. Given that the objective of this study is to examine the effects of crop
diversification on child nutritional outcomes, we restrict the analysis to households located in
the Groundnut Basin, a major agricultural zone in Senegal. Data were extracted from 19
departments within this region. From an initial subsample of approximately 3,010 households
(including both urban and rural households), we retained 1,436 rural households for which
groundnut was identified as the main cash crop. After excluding households without children
under five years of age, the final analytical sample consists of 1,216 children. Child nutritional
outcomes are measured at the individual child level, while crop diversification decisions are
made at the household level. The survey collected detailed information on household
demographics, agricultural practices, food consumption, income and expenditures, exposure to
shocks and coping strategies, as well as child anthropometric measurements and infant and

young child feeding practices.
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Child nutritional status is assessed using three standard anthropometric indicators: height-for-
age z-scores (HAZ), weight-for-height z-scores (WHZ), and weight-for-age z-scores (WAZ),
computed in accordance with World Health Organization (WHO, 2006) growth standards using

ENA for SMART software.
4.2.2 Crop diversification

Crop diversification is measured using a crop count-based index, which captures the breadth
of cropping activities undertaken by farm households within a production season. The index
reflects the number of distinct crop groups cultivated by the household. In this study, crop
diversification is operationalized as an ordinal categorical variable, defined by the combination
of crop groups grown. Specifically, the index takes a value of 1 when the household cultivates
groundnut only, 2 when groundnut is cultivated together with at least one cereal crop, and 3
when groundnut, cereals, and horticultural crops are cultivated. Based on these values,
households are classified into low (1), moderate (2), and high (3) levels of crop diversification,

with higher values indicating greater diversification across crop groups.

This approach is well-suited to smallholder farming systems, where diversification decisions
are often discrete and largely constrained by resource and agroecological factors. Crop count
measures have been widely employed in the literature as parsimonious and policy-relevant
indicators of crop diversification (e.g., Asfaw et al., 2018; Makate et al., 2023). In the empirical
analysis, this categorical measure of crop diversification serves as the treatment variable in the

MESR framework.
4.2.3 Child nutrition outcomes

Child nutritional status is measured using three standardized anthropometric indicators derived
from the World Health Organization (WHO) Child Growth Standards: height-for-age z-score

(HAZ), weight-for-height z-score (WHZ), and weight-for-age z-score (WAZ). These indicators
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capture chronic undernutrition (stunting), acute undernutrition (wasting), and overall
undernutrition (underweight), respectively. All indicators are computed as z-scores by
standardizing a child’s observed anthropometric measure relative to the age, height, and sex-

specific WHO reference medians and standard deviations. Formally, z-scores are calculated as:

Xi - Xref

o)

Z

i
ref (a,s)

where X, denotes the observed height or weight of child i, and X . and o represent the

ref ref (a,s)
corresponding WHO reference median and standard deviation, respectively. Height is
measured in centimeters, weight in kilograms, and age in months to ensure accurate
standardization. Children are classified as stunted, wasted, or underweight if their HAZ, WHZ,
or WAZ is less than -2 standard deviations below the WHO reference median, and as severely
stunted, wasted, or underweight if the respective z-score is less than -3 (Leroy et al., 2015;
Martinez-Millana et al., 2018; WHO, 2018). In the empirical analysis, all anthropometric
indicators are treated as continuous outcome variables, allowing for the estimation of marginal
effects across the full distribution of child nutritional outcomes within each crop diversification
regime.

4.3 Study area and descriptive statistics

4.3.1 Study area

The Senegalese Groundnut Basin (Figure 4-1) extends across the western and central parts of
the country and constitutes one of Senegal’s most important agricultural zones. It encompasses

the regions of Thies, Diourbel, Fatick, Kaolack, and Kaffrine, as well as the departments of

Louga, Kébémer, and Koumpentoum. The Groundnut Basin covers an area of approximately
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46,357 square kilometers, representing nearly one quarter of Senegal’s total land area.
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Figure 4-1: Geographical presentation of the study area

Groundnut is the dominant cash crop in the region and remains a key source of income for rural
households. In addition to groundnuts, farmers cultivate a range of food and cash crops,
including millet, cowpea, sorghum, cassava, watermelon, and hibiscus (Traore et al., 2022).
For several decades, the Groundnut Basin has served as the backbone of the Senegalese
agricultural economy. However, from the 1970s onward, the region faced a series of structural
and environmental constraints, including declining soil fertility, climatic shocks, and market

instability, which have contributed to broader economic challenges in the country.

Climatic conditions vary across the basin. In the north-central zone, rainfall levels are relatively
low and the rainy season is shorter, with annual precipitation ranging between 400 and 600 mm

(Roquet, 2008). The south-central zone also experiences declining rainfall, although average
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precipitation is higher, ranging between 600 and 800 mm. These trends reflect increased
climatic variability, which poses significant challenges for rain-fed agricultural systems.
According to Beye (2015), the Groundnut Basin has experienced one of the fastest population
growth rates in Senegal, with the population doubling between 1988 and 2013. Rain-fed
agriculture remains the primary livelihood activity among farming households, while livestock
production, particularly cattle, small ruminants, and poultry, and fishing also play important
roles in income generation. The region is characterized by tropical ferruginous soils, which are

generally suitable for agricultural production but are increasingly vulnerable to degradation.
4.3.2 Descriptive statistics

Table 4-1 reports the descriptive analysis of the child and household survey data. The average
child in the sample is approximately 28 months old and has mean anthropometric outcomes of
-0.74 HAZ, -0.39 WHZ, and -0.61 WAZ. These negative mean z-scores indicate that, on
average, children experience nutritional deficits relative to WHO growth standards. The
relatively large standard deviations highlight substantial heterogeneity in nutritional status

across children.

The gender distribution is balanced, with girls accounting for about 51% of the sample.
Approximately 23% of children experienced diarrhea in the two weeks preceding the survey.
At the household level, 45% of households are polygamous, and household heads are on
average 54 years old. Educational attainment is generally low, with an average education level
below primary schooling. Household sizes are quite large, averaging nearly 13 members,

reflecting the extended family structures predominant in rural Senegal.

Access to basic infrastructure remains limited. On average, households are located 8.5 km away
from the health facility and 2.6 km from the market, although 65% have access to potable

water. Livestock ownership is widespread, with nearly 90% of households owning livestock,
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indicating the importance of mixed farming systems. About 25% of households reported being

members of an association. Finally, our sampled households are fairly evenly distributed across

the Northern (25%), Central (38%), and Southern (37%) Groundnut Basin regions, ensuring

adequate regional representation within the study area.

Table 4-1: Descriptive statistics of the selected variables

Variables Variable descriptions Mean SD
Child HAZ Child height-for-age z-score -0.740  1.613
Child WHZ Child weight-for-height z-score -0.391  1.239
Child WAZ Child weight-for-age z-score -0.612  1.285

Child age Age of the child measured in months 28.139 15.644
Child gender 1 if child is female, 0 otherwise 0.507  0.500
Child diarrhea 1 if the child experienced d!arrhea within 15 days 0225 0418
before the survey, 0 otherwise
Polygamy 1 if polygamous union, 0 otherwise 0.453  0.498
HH Age Age of the household head (years) 53.601 13.580
Education level Eo_lucatlon !evel of househ_old r_lead:_o if none, 1 if 0.756  0.854
primary, 2 if secondary, 3 if university
Household size Total number of household members 12.692 6.123
Dlstance.health Distance to the nearest health service in km 8.537  8.596
service
Market distance Distance to the nearest market in km 2.645  1.965
Access to potable 1 if h(_)usehold has access to potable water, 0 0.645 0478
water otherwise
Association member 1 if h_ousehold belongs to an association, 0 0254 0435
otherwise

Precipitation anomaly Standardised Precipitation Index (SPI) 0.173 1.0008

Dummy TLU 1 if household own livestock, O otherwise 0.893  0.308

Northern region 1 |f_household reS|des in the Northern Groundnut 0253 0.435
Basin, 0 otherwise

Central region 1 |f_ household _re3|des in the central Groundnut 0377  0.485
Basin, 0 otherwise

Southern region 1 if household resides in the Southern Groundnut 0370  0.483

Basin, 0 otherwise

Note: This table presents a brief description of all the variables used in our estimation. HH= household head.

TLU=Tropical Livestock Unit

Table 4-2 presents the mean difference in characteristics of children and households across

low, moderate, and high crop diversification regimes. The results show that 39.31% of

households practice low crop diversification, 42.02% moderate crop diversification, and
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18.67% high crop diversification, indicating that while most households diversify to some
extent, relatively few engage in highly diversified production systems. This provides
indications into the marked heterogeneity in the extent to which farmers have diversified their
crop portfolio. The Mean differences in all three child nutrition indicators (HAZ, WHZ, WAZ)
are statistically significant and increase monotonically with diversification intensity. Children
in households with highest diversified crop portfolios on average have better nutritional
outcomes with a mean HAZ of 0.04 compared to -0.79 among moderately diversified
households, or -1.06 among households practicing a low crop diversification regime. Similar
results are observed for WHZ and WAZ suggesting that greater crop diversification is
associated with lower levels of chronic, acute and overall malnutrition. Child gender
composition varies modestly across the different crop diversification regimes. A higher
proportion of female children is observed among moderately crop diversified households,

although differences are less pronounced for households practicing high crop diversification.

Household demographic characteristics also vary across the crop diversification intensities.
The average household size for households with low crop diversification is 12 compared to 13
members for moderate and high crop diversification. The age of the household head is also
higher among highly diversified households, increasing from 52 to 56 years, consistent with
experience or life-cycle effects in diversification decisions. Polygamous households are more
prevalent in the moderate and high diversification regimes, reflecting differences in household

structure and labor availability.

Market access and agro-climatic conditions show meaningful heterogeneity. Moderately
diversified households are, on average, located closer to markets (2.47 km) than households
practicing low diversification (2.86 km). Precipitation anomalies are significantly higher

among moderately diversified households.
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Table 4-2: Different characteristics of households and children by crop diversification
regime

Low crop Moderate crop High crop
Variables diversification diversification diversification
N= 478 (39.31%0) N=511 (42.02%) N=227 (18.67%0)
Mean SD Mean SD Mean SD
Outcomes
Child HAZ -1.056 1.413 -0.794*** 1.593 0.044%*** 1.796
Child WHZ -0.609 1.098  -0.378*** 1.264 0.040***  1.343
Child WAZ -0.883 1.093  -0.688*** 1.254 0.129***  1.445
Controls
Child age 27.503 15.666 28.745 15.435 28.117 16.088
Child gender 0.460  0.498 0.549*** 0.499 0.529 0.500
Child diarrhea 0.232 0.423 0.215 0.411 0.233 0.424
Polygamy 0.3999  0.490 0.495*** 0.500 0.471* 0.500
Household head Age  52.360 13.256 53.677 13.773  56.044*** 13.534
Education level 0.751  0.797 0.760 0.916 0.762 0.834
household size 11.898 5575  13.177*** 6.329  13.242***  6.556
Distance health 8463 7.51 8717 8971 8288  10.374
service
Market distance 2.855  2.067 2.469*** 1.898 2.597 1.855
Accesstopotable o)y o480 0655 0.476 0.639  0.481
water
Association member 0.263  0.441 0.240 0.427 0.260 0.441
Precipitation anomaly  0.090  0.973 0.327*** 0.972 -0.001 1.066
Dummy TLU 0.898  0.302 0.901 0.299 0.872 0.334
Northern region 0.281  0.450 0.166*** 0.372 0.388***  (.488
Central region 0.389  0.488 0.407 0.492 0.282***  0.451
Southern region 0.329 0.470 0.427*** 0.495 0.330 0.471
Instrument

Neighbours 0.453 0.312 0.830*** 0.390 0.707***  0.392

Note: The table presents the mean differences of the variables used in our estimations. For each variable, the table presents
the average for low, moderate and high crop diversification. The main outcome variables are HAZ: Height-for-Age z-score
(stunting). WHZ: Weight-for-Height z-score (wasting), WAZ: Weight-for-Age z-score (underweight); the rest of the variables
are the controls and the instrumental variable. *, ** and *** respectively show statistical significance at 10%, 5% and 1%
levels.

Regarding regional distribution, high diversification is more prevalent in the Northern
Groundnut Basin (39%), whereas moderate diversification is more common in the Southern
Basin (43%). These spatial differences point to the importance of agroecological conditions
and regional production systems in influencing diversification strategies. Finally, the

instrumental variable neighbours’ crop diversification is significantly higher among
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moderately and highly diversified households, supporting its relevance for identifying
diversification choices in the first-stage estimation. It is important to note that the observed
differences in the outcome variables in particular could potentially be driven by some of the
observed covariates and unobserved factors. This could make households in the different
diversification regimes remarkably different because of the sample selection bias. Hence, we
employ the MESR in the empirical analysis to account for confounding factors, selection bias

and potential heterogeneity.

4.4 Methodology

4.4.1 Conceptual framework

This section presents the empirical framework used to assess the effects of crop diversification
on child nutritional outcomes. A central challenge in this analysis is the potential endogeneity
of households’ diversification choices, as participation in different crop diversification regimes
may be jointly determined with child nutrition outcomes. To address this concern, we employ
a multinomial endogenous switching regression (MESR) framework, which corrects for

selection bias while allowing for heterogeneity across households.

4.4.1.1 First stage: participation in crop diversification regimes

We model farm households’ participation in alternative crop diversification regimes within a
random utility maximization framework. Similar to the adoption of agricultural technologies
(Khonje et al., 2018), households are assumed to choose among competing crop diversification

strategies, each involving different combinations of crops, to maximize their net benefits. Let

R” be the latent variable that captures the expected net benefits that household i derives from

choosing a diversification strategy j (j=1,2,3) relative to the other available strategies.

Strategy j takes the value 1 if the household adopts low crop diversification, the value 2 if the

household adopts moderate crop diversification, and the value 3 if the household adopts high
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crop diversification. The latent variable R associated with the strategy j is specified as a

function of observable and unobservable factors:
Ry =2 f; +1; (1)

Where Z,is a vector of observed explanatory variables capturing household, demographic,
farm, and institutional characteristics that are expected to influence participation decisions; g,
is a vector of parameters to be estimated; and, is an error term assumed to be normally

distributed with zero mean and constant variance. The error term encompasses characteristics
that are relevant to the household’s decision-making process, but unobserved by the researcher,
such as managerial ability, risk preferences, and individual motivation. Household i is assumed

to choose strategy | if the expected net benefits from that strategy exceed those associated

with all alternative strategies.

1 (low crop diversification) if R, > max (R,,R)
. — 2 (moderate crop diversification)  if R, > max (Ry,R) ?
3 (high crop diversification) if R, > max (R,,R)

Following McFadden (1973), this decision rule leads to a multinomial logit (MNL)

specification, which is estimated by maximum likelihood. Where B, denotes the probability

that household i selects diversification strategy j over any other alternative is given by:

exp (Z5)

1Y e 2,) o

4.4.1.2 Second stage: impacts on outcomes and selection bias correction

The second stage estimates the impacts of the different crop diversification regimes j on child

nutritional outcomes, measured by (HAZ, WAZ, and WHZ). Because households self-select
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into diversification regimes based on both observable and unobservable characteristics,
standard regression estimates may be biased and inconsistent if unobserved factors jointly
influence regime choice and child outcomes. To address this issue, we estimate a Multinomial
Endogenous Switching Regression (MESR) model, following Bourguignon et al. (2007). The
MESR framework combines the regime selection model from the first stage and regime specific
outcome equations augmented with selectivity correction terms derived from the first-stage
MNL. This framework corrects for selection on unobservables, allows outcome responses to
differ across regimes, and yields counterfactual outcomes required to compute treatment effects
and assess heterogeneous impacts of crop diversification on child nutritional status (Manda et

al., 2021).

The MESR model relies on the availability of an instrumental variable that influences crop
diversification decisions (first stage) but does not directly affect child nutritional outcomes
(second stage) (Wooldridge, 2010). We use a peer-effects instrument, defined as the share of
neighboring farmers within the same community who have adopted crop diversification,
excluding the household itself. The use of peer effects is well established in the literature on
social learning and diffusion of agricultural innovations, which shows that farmers’ adoption
decisions are strongly influenced by the behaviour of their peers (Abdulai, 2023; Sampson &
Perry, 2018). The underlying intuition is that a higher prevalence of diversification within a
village reduces informational constraints and perceived risks, thereby increasing the likelihood
that other farmers diversify their production systems. While peer effects operate through
information and learning channels that influence production decisions, there is no direct
biological or economic mechanism through which neighbors’ crop choices would directly
affect children’s anthropometric outcomes. Following previous studies (Che et al., 2022;

Kolady et al., 2021; SteinhUbel et al., 2020), peer effects are operationalized as :n/(m-1),
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where n denotes the number of farmers adopting crop diversification in the community and m

represents the total number of households surveyed in that community.

We assume that peers’ diversification decisions do not directly affect child nutritional
outcomes, once household characteristics and community-level controls are taken into account.
This assumption is consistent with conceptual frameworks that locate the proximate
determinants of child nutrition in household diets/feeding and care practices, as well as the
health and sanitation environment (UNICEF, 2021), rather than in neighboring households’

production choices.

To assess the relevance of the instrumental variable, we performed a Wald chi-squared test of
its significance in the first-stage multinomial logit model (see Table A2 in the Appendix). The
test results indicate that the peer-effects variable significantly influences households’ choice
among crop diversification regimes, confirming its relevance for identification. To examine the
validity of the exclusion restriction, we employ the falsification test suggested by Dimova and
Gang, 2007, which involves introducing the instrumental variable directly into the regime-
specific second-stage outcome equations. Under a valid exclusion restriction, the peer-effects
variable should influence child anthropometric outcomes only indirectly through households’
diversification choices, and not directly. Hence, its coefficient is expected to be statistically
insignificant in the HAZ, WAZ, and WHZ equations. The empirical results confirm this
expectation, as the coefficient of the instrument remains insignificant across all nutritional

outcome equations, thereby supporting the validity of the instrument.

Conditional on households’ diversification choices, nutritional outcomes are modeled using
regime-specific outcome equations (R=1 if low crop diversification, R=2 if moderate crop
diversification, and R=3 if high crop diversification). For each regime j, the outcome equation

is specified as:
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Regime 1:Y;, = X, + 4, if R =1 (4a)
Regime 2:Y,, =X, , + 4, if R =2 (4b)
Regime 3:Y;; =X, 5+ 4, iIf R =3 (4c)

whereY; represents the child nutritional outcomes (HAZ, WAZ, WHZ), X; is a vector of

observable exogenous variables (including child, household, and farm characteristics) from the
first stage, ¢ is a vector of parameters to be estimated, and w is the stochastic component, with
zero mean and constant variance. To correct for potential correlation between the unobserved
determinants of diversification choices and nutritional outcomes, the MESR framework

augments the outcome equations with selectivity correction terms, yielding:

Regime 1: Y, = X, + o, [ o,m(P,) + p,m(P, )( _1) + p,m( .3)( _1) ]+v (5a)
Regime 2: Y, = XW+az[p2m(Pi2)+p1m(Pil)(P:iil) m( .3)( _1) ]+vi (5b)
Regime 3:Y,, = X, ; + o;[ p,m(R,) + pm(P, )( ) + p,m( ,2)( _1) ]+vis (5¢)

where p, denotes the correlation between the stochastic component in the selection and
outcome equations, m(P,) is the conditional expectation of the selection error term given the
probability P, of choosing regime j, o, is the standard deviation of the outcome error term, and
V; is an idiosyncratic error term with zero expected value. A statistically significant selectivity

term m(P,) indicates the presence of selection bias and justifies the use of the MESR approach.

4.4.1.3 Average Treatment Effect on the treated (ATT)

In the last step, we compute the average treatment effects on the treated (ATT) to assess the

impact of crop diversification regimes on child nutritional outcomes (HAZ, WAZ, and WHZ).

130



The ATT compares the expected observed outcome for households in a given regime with the
counterfactual expected outcome those same households would have obtained had they
selected an alternative regime, using selection-corrected predictions from the BFG multinomial
endogenous switching framework. Households in moderate crop diversification (R=2) and high
crop diversification (R=3) constitute the treatment groups, while low crop diversification (R=1)
serves as the comparison regime. For households observed in regime R=2, the expected

observed outcome isE(Y,, | R =2), whereas the expected counterfactual outcome under low
crop diversification is E(Y,; | R =2). The ATT for moderate crop diversification relative to low

crop diversification is therefore:

ATTmoderate = E(Yiz | R= 2) - E(Yil | R= 2)

= Xi(p, —@)+ A,(0, —0) (6a)

Similarly, for households selecting into the high crop diversification (R=3), the ATT is defined

as.:

ATThigh = E(Yi3 | R :3)_ E(Yil | R :3)

= Xi (@3 _¢1) + )’ﬁs(o-s _01) (6b)

The parameter o is the covariance of the stochastic component, while A is the inverse mills
ratio in the brackets of Equation (5a-c). These expressions account for non-random selection
into diversification regimes by incorporating selectivity correction terms derived from the first-
stage multinomial choice model, ensuring that estimated effects reflect the causal impact of

diversification regimes rather than correlations driven by unobserved factors.
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4.5 Results and discussion

This section presents the empirical results from the MESR estimations. We begin by discussing
the determinants of households’ participation in the alternative crop diversification regimes
using the first-stage multinomial logit model. We then present the regime-specific outcome
equations, focusing on how children’s anthropometric indicators (HAZ, WAZ, and WHZ) vary
across diversification strategies after correcting for selection bias. Next, we report the average
treatment effects on the treated (ATT), which identify the effects of moderate and high crop
diversification relative to low diversification. Finally, we present evidence on spatial

heterogeneity across the study area.
4.5.1 First stage: determinants of participation in crop diversification regimes

Table 4-3 the marginal effects from the multinomial logit (MNL) model estimating households’
participation in the three crop diversification regimes (low, moderate and high diversification).
These estimates constitute the first-stage selection equations of the MESR framework. Overall,
the diagnostics indicate that the first-stage specification is adequate. A Wald test rejects the
joint insignificance of the regressors (%2 = 242.92, p < 0.001), indicating that the explanatory
variables jointly account for households’ regime choices. In addition, the specification tests
reported in Table 4-Al in the Appendix support the treatment of the three diversification
regimes as distinct alternatives and do not reject the independence of irrelevant alternatives
(I1A) assumption. The instrumental variable is also informative in explaining diversification
decisions. Neighboring households’ adoption is positively and significantly associated with a
household decision to diversify. Suggesting that households’ diversification decisions are
influenced by the prevalence of diversification among neighboring farmers. A higher share of
neighboring households adopting crop diversification significantly reduces the probability of

remaining in the low diversification regime, while increasing the likelihood of selecting both
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moderate and high diversification regimes. This finding is consistent with the role of social

learning and information diffusion in shaping farm production decisions.

Table 4-3: Marginal effects of explanatory variables on participation in crop
diversification regimes

Variables Low crop Moderate crop High crop
diversification diversification diversification
Marginal Marginal Marginal

offect Std.Err. offect Std.Err. offect Std.Err
Child age -0.0004 0.001 0.0007 0.001 -0.0003 0.0008
Child gender 0.0438 0.0310 -0.0652**  0.0315 0.0213 0.0246
Child diarrhea 0.0129 0.0373 -0.0176 0.0375 0.0047 0.0294
Polygamy -0.0567* 0.0331 0.0668**  0.0337 -0.0100 0.0262
HH age -0.0024**  0.0012 0.0003 0.0012  0.0021**  0.0010
Education level 0.0044 0.0184 -0.0147 0.0183 0.0103 0.0145
household size -0.0030 0.0028 0.0016 0.0027 0.0015 0.0021

D'Stzgf\fig':a'th 0.00008  0.0019 00008 00018  -0.0009  0.0015

Market distance ~ 0.0160**  0.0080 -0.0190** 0.0083  0.0029  0.0065
Accesstopotable g ph00 00328 0.0015 00332  -0.0016  0.0258

water
Association 00259 00371 -0.0220 00370  -0.0038  0.0291
member
Precipitation -0.0063  0.0249  0.0022  0.0246  0.0041  0.0203
anomaly
Dummy TLU 00646 00487 -0.0364 00534  -0.0282  0.0416
Central region -0.0063 00496 0.1628*** 0.0504 -0.1564*** (.0326

Southern region -0.0001 0.0642 0.1358**  0.0651 -0.1357*** 0.0441
Instrumental

variable

neighbours -0.6470***  0.0493 0.5445*** (0.0462 0.1025***  0.0325
Wald y 2 for
Joim'\lst;mﬁg;ce 242.92(0.0000)

. 169.51(0.0000)

of instrumental

variables y 2

Observations 1216

Note: The table reports marginal effects from the first-stage multinomial logit model. The dependent variable
takes the value 1 for low crop diversification, 2 for moderate crop diversification, and 3 for high crop
diversification. P-values are reported in parentheses for the Wald chi-squared tests. HH denotes household head.
*, ** and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

Turning to the covariates, the results indicate that diversification choices are systematically
associated with household demographics, market access, and regional location. Polygamous

households are significantly less likely to remain in the low diversification regime and more
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likely to adopt moderate diversification. This finding is in line with evidence suggesting that
polygamous households may benefit from larger and more flexible family labor endowments,
as well as stronger kinship-based support networks, which can ease the constraints associated
with more diversified crop production (Dessy et al., 2025; Akresh & Joyce, 2016). Older
household heads are significantly less likely to remain in the low diversification regime and
significantly more likely to participate in the high diversification regime exhibiting a strong

life cycle gradient in diversification behaviour (Bedasa et al., 2025; Grilli et al., 2024).

Market access distances also appears to play an important role in influencing diversification
outcomes. In particular, higher distance to markets significantly increases the likelihood of
remaining in low diversification and reduces the probability of participating in the moderate
diversification regime. This result supports the argument that remoteness raises transaction
costs and limits market integration, thereby discouraging households from reallocating
resources toward more diversified production systems to increase market participation (Bedasa
et al., 2025). Finally, the results reveal marked regional heterogeneity in diversification
choices. Relative to the reference region, households located in the Central and Southern
Groundnut Basin are significantly more likely to participate in moderate diversification, but
significantly less likely to engage in high diversification. These findings are consistent with
spatial differences in agroecological conditions, production systems, and market opportunities
across Senegal’s Groundnut Basin, which influence the comparative advantages and feasible

scope for diversification (Leroux et al., 2022).

4.5.2 Impact of crop diversification regimes and selection bias

In the second stage, we apply the MESR model to estimate the effects of crop diversification
regimes on child nutritional outcomes while accounting for both observable and unobservable
household characteristics. The instrumental variable is excluded from the outcome equations

so that it affects children’s anthropometric outcomes only indirectly through households’
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diversification choices. To further assess the validity of the exclusion restriction, we conduct a
falsification test by including the instrument directly in the outcome equations. As reported in
Table 4-A2 in the Appendix, the coefficient of the instrumental variable is statistically

insignificant across all outcomes and regimes, thereby supporting its validity.

Selection bias correction terms, denoted as M1, M2 and Mgz, capture the effects of unobserved
heterogeneity associated with households’ participation in the low, moderate, and high crop
diversification regimes. Table 4-A3 in the Appendix reports the regime-specific outcome
estimates together with these selectivity terms. Several of the selectivity terms are statistically
significant, confirming the presence of selection bias and validating the use of the MESR

framework.

A significant selectivity term for any diversification regime implies that unobserved factors
systematically shape both households’ regime choices and child nutritional outcomes. Positive
(negative) coefficients indicate that children in a given regime possess unobserved attributes
associated with higher (lower) anthropometric outcomes relative to what would be expected
under random assignment. For example, the significant selectivity term for the high
diversification regime suggests that households in this regime are positively selected on
unobservables that are also associated with better child nutritional outcomes. This implies that
households with favorable but unobserved characteristics are already sorted into the high
diversification regime. Similarly, significant selectivity terms in the low or moderate
diversification regimes indicate that unobserved household attributes also influence both
regime participation and children’s anthropometric status, implying that simple comparisons

across regimes would lead to biased estimates if endogenous sorting were ignored.

With regard to the estimated effects of observable characteristics on child nutritional outcomes
across diversification regimes, the results indicate that several household, child, and location-

specific variables are significantly associated with HAZ, WAZ, and WHZ. In particular,
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variables such as child age, recent illness, household demographic structure, market access,
and regional location exert heterogeneous effects across regimes. These results highlight that
the relationship between crop diversification and child nutrition is shaped not only by
diversification choices themselves, but also by the broader household, market and
agroecological context in which those choices are made (Nguyen & Qaim, 2025; Tesfaye,

2022).

Overall, the second-stage results show that unobserved heterogeneity matters for both crop
diversification decisions and child nutritional outcomes, especially in the high diversification
regime. This underscores the importance of correcting for endogenous selection when
assessing the nutritional impacts of crop diversification. We therefore next turn to the MESR-
based counterfactual outcomes and the associated average treatment effects on the treated
(ATT), which provide a more direct basis for identifying the causal impacts of transitioning

across crop diversification regimes.

4.5.3 Average Treatment Effect on the Treated (ATT)

4.5.3.1 ATT effects of transitioning across diversification regimes

Table 4-4 reports the average treatment effects on the treated (ATT) from the MESR model for
children’s anthropometric outcomes (HAZ, WHZ, WAZ). The ATT compares the observed
outcomes of children in the moderate and high crop diversification regimes with the
counterfactual outcomes that would have prevailed had these same households remained in a
lower crop diversification regime, after accounting for selection on both observed and

unobserved factors.

The results show that participation in moderate crop diversification is associated with
statistically significant improvements in child nutritional outcomes relative to low crop
diversification. Specifically, children in households practicing moderate diversification exhibit

HAZ, WHZ, and WAZ scores that are higher by 0.23, 0.22, and 0.14 standard deviations,
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respectively, compared with the counterfactual outcomes predicted under low crop
diversification. These findings suggest that even a transition away from low crop
diversification is associated with measurable improvements in long-term growth, short-term

nutritional status, and overall weight-for-age.

Table 4-4: ATTs of moderate and high relative to low crop diversification on nutrition
outcomes

Ou'Fcome Mean outcome actual Mean outcome ATT
variables counterfactual
Child Moderate remains If moderate switch
Moderate crop -0.7943 to low crop -1.0240  0.2297***
HAZ . ee L. . e
diversification diversification
If high switch to

High remains High

. e - 0.0444 low crop -1.0147 1.0591***
crop diversification

diversification
If high switch to

moderate crop -0.7476  0.7920***
diversification

Child Moderate remains If Moderate switch
Moderate crop -0.3780 to low crop -0.5947 0.2167***
WHZ . e . e
diversification diversification
. . . If high switch to
High remains High ¢ low crop -0.6054  0.6460%**
crop diversification L
diversification
If high switch to
moderate crop -0.3610 0.4016***
diversification
Child Moderate remains If Moderate switch
Moderate crop -0.6883 to low crop -0.8264 0.1380***
WAZ . e . e
diversification diversification
If high switch to

High remains High

R 0.1298 low crop -0.8463 0.9760***
crop diversification

diversification

If high switch to
moderate crop -0.6447  0.7744***
diversification
Note: The table reports ATT estimates from the MESR model based on predicted actual and counterfactual
outcomes. The base category is low crop diversification. HAZ denotes height-for-age z-score, WHZ weight-for-

height z-score, and WAZ weight-for-age z-score. *, **, and *** indicate statistical significance at the 10%, 5%,
and 1% levels, respectively.

The estimates show substantially larger gains for households in the high crop diversification

regime. Relative to the counterfactual of remaining in low crop diversification, high crop
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diversification is associated with increases of 1.06 standard deviations in HAZ, 0.65 standard
deviations in WHZ, and 0.98 standard deviations in WAZ. Moreover, when compared with the
counterfactual of remaining in the moderate crop diversification regime, children in the high
crop diversification regime still experience additional and statistically significant gains of 0.79
standard deviations in HAZ, 0.40 standard deviations in WHZ, and 0.77 standard deviations in

WALZ.

These results point to a nonlinear relationship between crop diversification and child nutritional
outcomes. While moderate crop diversification is associated with positive nutritional gains
relative to low crop diversification, the benefits are substantially larger once households
transition into the high crop diversification regime. This pattern suggests that limited crop
diversification may yield only modest improvements, whereas broader and more intensive crop
diversification strategies may generate stronger nutritional returns (Nguyen & Qaim, 2025).
One plausible explanation is that highly crop-diversified systems, particularly those including
horticultural or other nutrient-dense crops, improve child nutrition through multiple channels,
including improved diet quality, higher and more stable income, and better consumption

smoothing over the agricultural year (Bakhtsiyarava & Grace, 2021; Khonje et al., 2022).

To examine whether these treatment effects vary across space, the next subsection presents
ATT estimates disaggregated by location for the northern, central, and southern parts of the

Groundnut Basin.
4.5.3.2 Spatial heterogeneity in ATT effects

Table 4-5 reports the MESR-based ATT estimates disaggregated by location for the northern,
central, and southern parts of the Groundnut Basin. The results reveal substantial spatial
heterogeneity in the nutritional effects of crop diversification. While the pooled estimates

indicate that both moderate and high crop diversification are generally associated with
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improvements in children’s anthropometric outcomes, the magnitude of these gains varies

considerably across locations.

For height-for-age z-scores (HAZ), the ATT of high crop diversification relative to low
diversification is positive and statistically significant in all three zones. The largest gain is
observed in the South, where high crop diversification is associated with an increase of 1.42
standard deviations, compared with 0.91 in the North and 0.85 in the Center. High crop
diversification also outperforms the counterfactual of remaining in the moderate crop
diversification regime in all locations, with the largest additional gain again recorded in the

South (1.11 SD).

For weight-for-height z-scores (WHZ), moderate crop diversification already generates
sizeable and statistically significant gains in the North (0.50 SD), while the additional gain
from moving from moderate to high crop diversification is relatively small and only statistically
significant at the 10% level (0.12 SD). By contrast, the incremental gains associated with high
crop diversification are larger and statistically significant in both the Center (0.41 SD) and the
South (0.72 SD). This suggests that the nutritional returns to deeper diversification differ across

locations, particularly for outcomes related to short-term nutritional status.

A similar situation emerges for weight-for-age z-scores (WAZ). Moderate crop diversification
is associated with significant gains in the North and South, but not in the Center (0.03 SD, no
significant). High crop diversification, however, yields large and statistically significant
improvements in WAZ across all three zones, with the largest gains again observed in the
South, both relative to low crop diversification (1.43 SD) and relative to moderate crop

diversification (1.33 SD ).

Table 4-5: ATTs of moderate and high relative to low crop diversification on nutrition
outcomes disaggregated by location

Outcomes Treatment contrast North center south
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Moderate vs. low crop 0.407%** 0.068** 0.316%***

Child HAZ diversification
High vs. low crop ok i -
diversification 0.906 0.845 L4zl
ngh VS. mOderate Crop 0.555*** 0.740*** 1_115***
diversification
_ Moderate vs. low crop ok - —
Child WHZ diversification 0.504 0.190 0.130
High vs. low crop 0.486*** 0.589%** () .§82***
diversification
High vs. moderate crop 0.121* 0.414%%*  0.720%**
diversification
Moderate vs. low crop
. 0.481*** 0.026 0.111***
Child WAZ diversification
High vs. low crop 0.638*** 0.904*** 1.434***
diversification
High vs. moderate crop 0.261%** 0.833%**  1.307%**

diversification
Note: The table reports MESR-based ATT estimates disaggregated by location. HAZ denotes height-for-age z-

score, WHZ weight-for-height z-score, and WAZ weight-for-age z-score. ATT estimates are computed from
predicted actual and counterfactual outcomes. The base category is low crop diversification. *, ** and ***
indicate statistical significance at the 10%, 5%, and 1% levels, respectively. vs.=versus,meaning: compared with.

The zone-specific ATT estimates point to pronounced spatial heterogeneity in the relationship
between crop diversification and child nutrition. They also reinforce the threshold pattern
observed in the pooled results. While moderate diversification is sometimes associated with
positive nutritional gains, the most consistent and sizeable improvements are observed once
households reach the high diversification regime. One plausible explanation is that the
nutritional returns to diversification are conditioned by differences in agroecological potential
and production stability across the Groundnut Basin. Senegal’s north-south gradient in rainfall
and growing conditions shapes both the range of crops that can be cultivated and the extent to
which diversification can improve food availability and incomes (Araya et al., 2022). In the
drier northern and central zones, where rain-fed millet-groundnut systems dominate and
exposure to climatic variability is relatively high, moderate diversification may not be

sufficient to substantially alter diets or stabilize household resources (Jean et al., 2021). By
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contrast, the larger gains observed under high diversification, especially in the South, are
consistent with a broader agroecological potential that makes more diversified and nutrition-
enhancing crop portfolios feasible (Leroux et al., 2022). The relatively small incremental WHZ
gains from high compared with moderate diversification in the North may further reflect the
fact that wasting is strongly seasonal and sensitive to short-term shocks beyond agricultural

production alone (Shakya et al., 2024).
4.6 Conclusion and policy implications

Improving child nutrition remains a central priority for rural development in Sub-Saharan
Africa, particularly in settings where livelihoods and food access depend heavily on rain-fed
agriculture. In such contexts, household production choices can influence child nutrition
through several pathways, including food availability, agricultural income, and dietary
diversity (Lazzaroni & Wagner, 2016; UNICEF, 2024). In this study, we examined the effects
of alternative crop diversification regimes on child anthropometric outcomes in Senegal’s
Groundnut Basin, using the National Food Security, Nutrition and Resilience Survey data, we
employed a multinomial endogenous switching regression (MESR) framework to estimate crop
diversification regime-specific effects on HAZ, WHZ, and WAZ while correcting for selection

on both observed and unobserved factors.

The empirical results reveal that the nutritional effects of crop diversification vary substantially
with the level of crop diversification. Although moderate crop diversification is associated with
some improvements relative to low crop diversification, the largest and most consistent gains
emerge once households reach a high crop diversification regime. These findings suggest that
moving beyond staple-based production systems toward more crop diversified portfolios that
include horticultural and other nutrient-dense crops offers greater potential to improve child

nutrition. The disaggregated estimates also reveal marked spatial heterogeneity, indicating that
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the nutritional returns to crop diversification depend not only on production choices but also

on local agroecological and market conditions.

Our findings have several policy implications. First, nutrition-sensitive agricultural policies
should aim not only to promote crop diversification in general, but to help households reach
higher and more nutrition-relevant forms of crop diversification. This requires relaxing the
constraints that limit the adoption of horticultural and other nutrient-dense crops, including
poor access to improved seeds and planting material, limited technical support, and inadequate
water management options. Second, investments in rural roads, storage and aggregation
infrastructure, and better-functioning local markets can strengthen incentives for sustaining
more diversified production systems. Third, the importance of peer effects in diversification
decisions suggests that policies based on social learning, such as demonstration plots, farmer
field schools, and producer networks, may be especially effective in encouraging uptake of

crop diversification.

Finally, crop diversification alone may not be sufficient to generate lasting nutritional
improvements. To strengthen the translation of production gains into better child nutrition,
agricultural interventions should be complemented by nutrition-sensitive measures,
particularly those promoting improved infant and young child feeding practices, as well as

preventive health services.
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Appendices

Table 4-Al: Diagnostic tests

Test of combined alternative

Categories tested Chi2 df p>chi2 EV|d.ence
against
Low crop diversification 206.646 16 0.000 HO
Moderate crop diversification 100.249 16 0.000 HO
High crop diversification 60.041 16 0.000 HO
Suest-based Hausman test of 1A assumption
Categories tested Chi2 df p>chi2 Evidence
Low crop diversification 12.574 17 0.764 For HO
Moderate crop diversification 9.714 17 0.915 For HO
High crop diversification 16.898 17 0.461 For HO

Note: df means degrees of freedom.

Table 4-A2: Instrumental validity test of crop diversification and peers effect

Impact specifications Chi2 P>chi2
First stage
neighbours 169.51 0.0000
Second stage
HAZ (stunting)

Low crop diversification 1.51 0.2190
Moderate crop 0.66 0.4155
diversification

High crop diversification 0.87 0.3512

WHZ (Wasting)

Low crop diversification 0.07 0.7851
I\/!oder_afce crop 0.02 0.8757
diversification

High crop diversification 0.23 0.6297

WAZ (underweight)

Low crop diversification 0.17 0.6834
Moderate crop 1.04 0.3088
diversification

High crop diversification 0.00 0.9996
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Table 4-A3: Determinants of the outcome variables: second stage Multinomial
Endogenous Switching Regression (MESR) estimations

Variables Child Height-for-Age z-score
Low crop Moderate crop High crop
diversification diversification diversification
Child age -0.0155 (0.0261) 0.0297 (0.0246) -0.0812* (0.0486)
Child gender 1.3840 (1.4384) -2.2891* (1.3685)  4.5240** (1.9151)
Child diarrhea 0.3771 (0.9377) -0.4616 (0.8279) 0.3924 (1.3408)
polygamy -0.7946 (1.1284) 1.4992* (0.9063) -3.0831* (1.6344)
Household head Age -0.0564 (0.0519) 0.0441 (0.0321) -0.0820 (0.0887)
Education level 0.1241 (0.4107) -0.2783 (0.3583) 0.7440 (0.7237)
household size -0.1601 (0.1235) 0.1426* (0.0772)  -0.3030** (0.1412)
Distance health service  -0.0076 (0.0392) 0.0237 (0.0330) -0.0607 (0.0735)
Market distance 0.4438 (0.4899)  -0.7392** (0.3457)  1.2106** (0.5798)
Access to potable water  -0.2565 (0.8464) 0.0453 (0.5910) -0.8951 (1.4000)
Association member 0.8052 (1.0309) -1.3634 (0.9960) 2.0480 (1.7386)
Precipitation anomaly  -0.1967 (0.5539) 0.3276 (0.4359) -0.0313 (0.8556)
Dummy TLU 0.9331 (1.3784) -0.9847 (1.0687) 1.8361 (2.4421)
Central region -0.7712 (2.3451) 3.2503 (2.6919) -8.6002** (4.2913)
Southern region -2.0213 (3.0326) 4.1494 (2.9634)  -10.2951** (4.6208)
Selection bias correction terms
M1 10.3436* (5.5059) -13.1438 (10.9662) 33.2645* (17.7597)
11.4099*** -41.7606**
M2 -4.5641 (14.5450)
(4.3533) (18.3777)
M3 -5.1424 (10.6925) 5.3516 (8.5844) 0.5862 (7.3421)
-17.4543*
constant -8.1865 (9.0787) 6.3108 (18.3196)
(10.3165)
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Table 4-A3: (continued)

Variables

Child age
Child gender
Child diarrhea
polygamy
Household head Age
Education level
household size
Distance health
service
Market distance
Access to potable
water
Association member
Precipitation
anomaly
Dummy TLU
Central region

Southern region

M1

M2

M3

constant

Child Weight-for-Height z-score

Low crop

diversification

Moderate crop

diversification

High crop

diversification

0.0095 (0.0219)
-0.3155 (1.2753)
-0.1154 (0.6920)
0.3253 (0.8866)
-0.0164 (0.0413)
-0.0379 (0.3173)
-0.0038 (0.0898)

0.0175 (0.0284)
-0.0506 (0.3816)
-0.2376 (0.6039)
-0.2184 (0.8553)
-0.0992 (0.3896)

-0.1319 (0.9875)
2.1090 (2.0895)
2.0190 (2.5383)

0.0193 (0.0243)
-1.7003 (1.0751)
-0.6918 (0.7713)
1.0167 (0.8804)
0.0146 (0.0327)
-0.0908 (0.3539)
0.0992 (0.0726)

0.0201 (0.0328)
-0.5118 (0.3338)
0.1483 (0.6041)
-1.1391 (0.9568)
0.1809 (0.4213)

-0.5539 (0.8489)
2.7877 (2.5215)
3.2539 (2.7417)

Selection bias correction terms

1.5247 (4.0755)

7.4193 (13.0090)

-5.7414 (8.0321)
-0.1760 (7.2966)

-11.6276 (10.6142)
6.2935 (3.9493)

-3.1752 (6.5194)
-13.3724 (10.7510)

-0.0778** (0.0368)
4.2082%* (1.6469)
0.9275 (1.2882)
-3.3284*** (1.1906)
-0.0634 (0.0577)
0.4044 (0.6130)
-0.2603** (0.1260)

-0.0276 (0.0540)
1.3074%** (0.4511)
-0.6422 (1.1309)
1.9526 (1.5288)
-0.3000 (0.7132)

2.1611 (1.9641)
-6.9103** (3.1262)
-8.4819%* (3.4339)

20.6482* (11.3494)
-49.8112%**
(14.2640)
-3.7946 (5.2408)
-1.5230 (11.7200)
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Table 4-A3: (continued)

Variables

Child age
Child gender
Child diarrhea
Polygamy
Household head Age
Education level
household size
Distance health
service
Market distance
Access to potable
water
Association member
Precipitation
anomaly
Dummy TLU
Central region
Southern region

M1
M2
M3

constant

Child Weight-for-Age z-score

Low crop

diversification

Moderate crop

diversification

High crop

diversification

-0.0150 (0.0201)
0.9900 (1.1014)
0.1203 (0.6958)
-0.6511 (0.8556)
-0.0407 (0.0350)
0.0591 (0.2755)
-0.0936 (0.0765)

-0.0027 (0.0264)
0.3323 (0.3651)
-0.1873 (0.5524)
0.5383 (0.8373)
-0.1004 (0.3605)

0.7151 (0.9347)
-0.6780 (1.9037)
-1.5362 (2.2149)

0.0387 (0.0269)
-2.9706** (1.3678)
-0.8933 (0.9437)
2.0082* (1.0305)
0.0387 (0.0339)
-0.2876 (0.4291)
0.1584* (0.0901)

0.0286 (0.0395)
-0.8929** (0.3703)
0.2517 (0.6994)
-1.5047 (1.0177)
0.3099 (0.4813)

-0.8053 (1.2221)
4.7645* (2.5879)
5.7086** (2.8312)

Selection bias correction terms

6.5854* (3.4592)
-5.5381 (11.4974)
-4.6636 (7.4661)

-6.7919 (6.6196)

-21.8356* (12.3404)

10.8954%**
(4.2067)
-4.2444 (7.1387)
-24.5805%*
(10.9218)

-0.0651* (0.0360)
3.8177%** (1.4620)
1.0561 (1.2737)
-2.9634** (1.1860)
-0.0626 (0.0686)
0.3492 (0.6044)
-0.2123* (0.1233)

-0.0304 (0.0508)
1.1549%* (0.4549)
-0.4848 (1.1416)
1.7569 (1.3442)
-0.0698 (0.6341)

1.6608 (1.9492)
-5.9500* (3.2300)
-7.3830** (3.1852)

17.9801 (13.6862)
~A4.1246%%*
(13.5279)
-3.7299 (5.8396)

-0.9252 (15.1600)
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Chapter Five
Summary, conclusions and policy implications

The renewed policy emphasis on climate adaptation, food security, and child nutrition in
Senegal reflects a persistent challenge. Rural livelihoods remain highly vulnerable to climatic
shocks and seasonal scarcity, while malnutrition, particularly among children, continues to
hinder human capital formation. These pressures are particularly salient in the Groundnut
Basin, where most households rely on rain-fed agriculture and face limited formal risk
management options. This context motivates the need to understand which farm and household
strategies effectively protect welfare and child nutrition under climate variability, and why

impacts differ across households.

This dissertation contributes to the literature by providing micro-level evidence on how crop
diversification and household resilience influence welfare and child nutrition outcomes. First,
it assesses the welfare impacts of crop diversification under climate variability. Second, it
measures resilience capacity using the FAO Resilience Index Measurement and Analysis 11
(RIMA-I1I) framework and estimates how resilience translates into household food
consumption and dietary quality and by gender of the household head. Finally, this dissertation
examines whether different levels of crop diversification have differential impacts on child

anthropometric outcomes.
5.1 Summary of empirical methods

Given the key empirical challenges addressed in this dissertation, most importantly non-
random selection into crop diversification and resilience “treatments,” potential endogeneity,
and the need to capture heterogeneous and nonlinear effects, the dissertation applies

complementary identification strategies tailored to each research question. These include
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instrumental-variable strategies, marginal treatment effects, latent-index measurement models,

dose response models and multinomial endogenous switching regression models.

The welfare impacts of crop diversification are estimated using the marginal treatment effects
(MTE) framework, which corrects for selection on observed and unobserved characteristics
and allows treatment effects to vary across households. To address endogeneity in the
diversification decision, the analysis uses an instrumental-variables strategy based on peer
diffusion, in which the instrument is the share of other farmers in the community who have
adopted crop diversification. The framework also reveals selection patterns and allows for the
computation of average treatment effect (ATE), average treatment effects on the treated (ATT)
and average treatment on the untreated (ATU). The Policy Relevant Treatment Effect (PRTE)
is used to estimate the welfare effects of policies that increase crop diversification adoption,

captured through policy-induced changes in peer adoption.

Household resilience is quantified using the Resilience Index Measurement and Analysis 11
(RIMA-I1) framework and summarized through a Resilience Capacity Index (RCI) constructed
in two steps. Factor analysis is first used to build the four resilience pillars, access to basic
services (ABS), assets (AST), social safety nets (SSN), and adaptive capacity (AC) with
Bartlett-based scoring to reduce multicollinearity concerns. A multiple indicators, multiple
causes (MIMIC) model then combines these pillars into a latent resilience capacity measure
linked to observed food-security indicators. Food and nutrition security outcomes are measured
using the Food Consumption Score (FCS) and Household Dietary Diversity Score (HDDS).
Given that resilience and food security may be jointly determined, the analysis applies an 1V-
2SLS strategy using two instruments. To characterize nonlinear and heterogeneous impacts,
the analysis is complemented with a dose response function (DRF) approach. The analyses are
further extended to investigate whether the gender of the household head plays a differential

role.
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Child nutrition impacts of crop diversification are investigated using a multinomial endogenous
switching regression (MESR) model to account for selection into ordered diversification
regimes (low, moderate, high). The first stage estimates a multinomial logit model of regime
choice and generates predicted probabilities used to construct selectivity-correction terms. The
second stage estimates regime-specific outcome equations for child height-for-age z-scores
(HAZ), weight-for-height z-scores (WHZ), and weight-for-age z-scores (WAZ), including
these correction terms, enabling consistent counterfactual predictions and heterogeneous
impacts across regimes. Average treatment effects on the treated (ATT) are then computed to
quantify gains from moving from low to moderate and low to high diversification, and to test
whether high diversification delivers additional benefits relative to remaining moderately

diversified.
5.2 Summary of results

The results of chapter two show that crop diversification is strongly influenced by peer
diffusion and climate shocks, and that its welfare gains are heterogeneous. Households are
more likely to diversify when a larger share of their neighbours diversify, confirming an
important peer-adoption channel. Rainfall and temperature anomalies also significantly
increase the probability of diversification, indicating that climate variability pushes farmers to
adjust their crop portfolios. The results also reveal that households that participated in crop
diversification strategies benefited from improved food and nutrition security, as well as a
lower incidence and severity of poverty, suggesting that poor farm households can derive
significant benefits from adopting crop diversification strategies. These welfare gains,
however, are not uniform: effects are largest for households that actually diversify (ATT >
ATE > ATU), consistent with positive selection on gains, while the MTE profiles show that

returns are higher for households with a greater latent propensity to diversify.
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The resilience results in chapter three show that higher household resilience systematically
improves food and nutrition security, but the gains are highly heterogeneous and nonlinear.
Increases in the RCI significantly raise both food consumption (FCS) and dietary diversity
(HDDS), while adverse shocks reduce these outcomes. The dose-response relationship shows
larger marginal gains at low to medium resilience levels that flatten at higher resilience levels.
The treatment-effect pattern (ATET > ATE > ATENT) indicates positive selection on gains.
Resilience improvements translate into stronger benefits for households with stronger initial
capacities, whereas households with very low resilience experience much larger declines in
food and nutrition security when exposed to shocks. Gender-disaggregated evidence further
indicates that female-headed households can gain substantially from resilience improvements,

but also face greater fragility when resilience is low.

The child nutrition results of chapter four show that the effects of crop diversification are highly
nonlinear and regime-specific. Moving from low to moderate crop diversification is associated
with modest improvements in child anthropometric outcomes, while transitioning from low to
high crop diversification yields substantially larger gains in HAZ, WHZ, and WAZ, consistent
with a threshold effect once households reach a high level of horticulture-inclusive
diversification. High crop diversification also delivers additional nutritional benefits that
exceed those associated with moderate crop diversification. Although impacts vary
geographically, the most consistent improvements in child nutrition are concentrated among

households that attain high levels of crop diversification.
5.3 Policy implications

Peer dissemination and social interactions are central to the spread and effectiveness of crop
diversification. Extension and adaptation strategies should be designed around community
learning through farmer groups, cooperatives, demonstration plots, and structured farmer

exchanges. Strengthening local learning networks can be a cost-effective way to accelerate
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adoption and improve dietary diversity and poverty outcomes. At the same time, diffusion-
focused programmes should be complemented with interventions that reduce adoption barriers
for disadvantaged households, including improving access to information, inputs and seeds, as

well as better market access in remote and poorly connected areas.

Resilience-building should be treated as a direct food and nutrition security strategy, not only
a long-term development objective. Since resilience is shaped by basic services, productive
assets, social protection, and adaptive capacity, the most effective policy packages are likely
to be those that combine service improvements with livelihood asset-building and support for
climate adaptation. Targeting is essential: shock-responsive safety nets and resilience support
should prioritize households with weak initial buffers to prevent shocks from translating into
severe declines in food consumption and dietary diversity. Given the greater fragility of female-
headed households at low resilience levels, programme design should be explicitly gender-

responsive and tailored to reduce the constraints these households face.

Finally, nutrition-sensitive agricultural policy should focus on enabling transitions toward
highly diversified farming systems that incorporate horticulture, since the strongest and most
consistent improvements in child anthropometric outcomes are observed only when households
reach high crop diversification. This requires easing the binding constraints that limit entry into
horticulture and nutrient-dense production, including investments in market and storage
infrastructure, improved access to quality inputs and seeds, and extension services tailored to
the management demands of diversified farming. Water constraints often limit horticulture
feasibility, scalable and feasible water-control options should be integrated into the nutrition
policy agenda and targeted spatially to zones where agroecological potential and market

connectivity make high diversification feasible.

The findings imply that improving welfare and child nutrition in Senegal’s Groundnut Basin

requires moving beyond uniform interventions. Policies should combine approaches focused
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on knowledge dissemination, resilience building, and targeted investments that ease constraints
limiting adoption and nutritional gains, while recognizing that adoption and impacts vary

considerably across households and locations.
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INFORMATION NOTE
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MODULE 1: CHARACTERISTICS OF THE HOUSEHOLD

Q100 Region Q101 | Department
Q102 Commune Q103 | Name of village or neighborhood
Q104 Census district Q105 | Place of residence
Dakar...1
Other urban...2
Rural...3
latitude .
Q106 longitude Q107 | District
Q108 Health post Q109 | Cluster number
Q110 Team number Q111 | Household number
Q112 Respondent's first and last name Q113 | Respondent Status
Head of household ...1
Wife of the head of household ....2
Child of head of household ...3
Other member....4
Q114 First and last name of head of household Q115 | Household telephone
Q116 investigator Q117 | supervisor
Q118 | Gender of head of household Q119 | Age of head of household
Male...1 If Don't Know: put zero
Female...2
Q120 Nationality Q121 | Ethnicity of head of household:
Wolof/Lebou ...1
Senegalese...1 Serer .2
West African...2 Fulani...3
Other African...3 Touco'/.c;ur 4
Other nationality...4 Diola..5
Mandingo/Soci...6
Bambara...7
Sarakolé/soninké...8
Mandiac...9
Other to be specified...10
Q122 Q123 | Highest level of education of head of
Marital status of head of household household
Married monogamous...1 None...0
Married polygamist ...2 Elementary...1
Divorced/widowed ...3 Middle/Secondary...2
Single...4 Superior...3
Other to be specified...5 Literate in local language...4
Quranic only...5
Q124 | Highest degree Q125 | Does the head of household suffer from a
chronicillness?
None...0
Elementary School Certificate...1 No chronic disease...0
Certificate of completion of middle studies...2 Diabetes...1
Bachelor...3 Hyper/hypotension...2
License ...4 Sickle cell disease...3
Master 1...5 Tuberculosis...4
Masters 2...6 Cancer...5
Doctorate (PHD)...7 Kidney failure ...6
Other to be specified...7
Q126 | poes the head of household have a | Q127 | Head of household religion

disability?

No disability...0

Limb paralysis/amputation...1
Blindness...2

Deafness...3

Difficulty speaking...4

Mental disability...5

Muslim-Khadre

Muslim-Layene

Muslim-Muride

Muslim-Tidiane

Muslim without brotherhood

Christian-Catholics

Christian-Protestants

Other Christians (Lutherans, Jehovah's Witnesses, etc.)
Other religions (Jews, Buddhists, Animists, etc.)
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Other to be specified...6

Animists
Without religion (atheists, agnostics, etc.)

Q128 | Socio-professional category of the head of household
Agricultural independent
Non-agricultural self-employed
Formal sector employer
Informal sector employer
public employee
Private employee
other specify
Q129 | Household size
Number of persons 0-5 months 6-59 months 5 years and over
1 | Male
2 | Female
3 | Pregnant women
4 | Breastfeeding women
5 | Women of reproductive age (15 — 49 years old)
6 | Physically handicapped
7 | Mentally handicapped
MODULE 2: HOUSEHOLD LIVING CONDITIONS
Q200 | Type of housing in the residential area of | Q201 Housing occupancy status of the household
the household
Owner
not subdivided (area without formal plots) Tenant
partially subdivided Roommate
fully subdivided Hosted
Loaned housing
Squatted housing
Q202 | Number of rooms in household | Q203 Type of habitat
accommodation
Building
Permanent villa
mud house
shack
Hut/hut
Q204 | Main soil component of household habitats | Q205 Type of toilet used by the household?
Cement Latrine
Floor tile Traditional pit latrine
Clay/sand Improved ventilated pit latrine (VIP)
Wood/Plank open sky (no walls)
Bamboo/Palm None / bush, stream
Other specify Other to specify
Q206 | Roof covering
Concrete
Tile/ Slate
Zinc
Thatch/Straw
Other (s) to be specified
Q207 | Main source of energy for cooking Q208 Main light source
Firewood SENELEC Electricity
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Coal Generator
Gas Solar panel
Electricity Gas
cow dunge Kerosene lamp/ Oil lamp
Other specify Torch (batteries)
Other specify
Q209 | Main source of drinking water Q210 Main method of solid waste disposal
Tap, running water in SDE houses ....... 1 None
Public tap.......2 Collection truck/cart
Improved (protected) well........ 3 Deposit allowed
Traditional well (unprotected).....4 wild deposit
Drilling.......5 landfill
Surface water (backwater, river, stream, Séane).....6 Incineration
Rainwater (directly or from a reserve)........ 7 Other: specify)
Mineral/filtered water (bottled/bag).....8
Tap in concession........ 9
Faucet in another dealership........ 10
standpipe........11
Other
Q211 | Main mode of sewage disposal Q212 Main mode of disposal of faecal sludge
concession yard Emptying truck
Street, road, nature Hole
Ditch Sewer connection
Single sump/Lash-sump Other specify
Public pipelines
Other specify.................
Q213 Functional household goods
No. GOODS NUMBER No. GOODS NUMBER
1 Radio 13 Car
2 TV 14 Motorcycle
3 Computer 15 Bicycle
4 Internet (Live box) 16 Tractor
5 TV channel decoder 17 Cart
6 Air conditioner 18 Plow
7 Washing machine 19 seeder
8 Sewing machine 20 Canoe
9 Fridge Freezer 21 Fish net
10 Jambar stove 22 motor pump
11 Phone 23 Home
12 Cellphone 24 Housing plots
25 Fan 26 Hoe
Q214 Did the household practice agriculture in the strict sense during the 2017/2018 campaign?
No
Yes
Q215 If not why ?
Lack of land
Lack of seeds
Lack of manpower
Lack of tools, equipment
Health problems
Not concerned (never practice)dd
Other (s) to be specified
Q216 If yes, what is the main mode of access to land?
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Property

Lease
Sharecropping
loan
Q217 Crops grown during the 2017/2018 campaign
No. Crops Area sown in ha Total production in tons
1 Cereals
2 cowpea
3 Peanut
4 Cotton
5 Horticultural products
6 Ornamental trees and
plants
7 Other (s) to be specified)
Q218 Main mode of acquisition of inputs
No. Crops Capture mode
1 Cereals
2 Peanut
3 Cotton
4 Vegetables
5 Ornamental trees and plants
Cash purchase
Purchase on credit
Government subsidy
Donation from organizations/NGOs
old stock
Loan
Work for input
Other
Q219 Do you know agricultural insurance?
No
Yes
Q220 If yes, will a member of the household take out agricultural insurance?
No
Yes
Q221 If not why ?
very expensive font
Lack of confidence
Other specify
Q222 If yes, has any member of the household ever received a payment from an insurance
company?
No
Yes
Q223 What is the amount received?
Does the household practice animal husbandry?
224
Q No
Yes
If yes, specify the number of species raised
Q225
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Cattle Sheep(sh | goats(goa Poultry Equine(h | Assins( | Pigs(pigs, sows)
(oxen, cows) eep, ts, goats) | (roosters, orses, donke
Cash ewes) hens, mares) ys)
possessed ducks,
turkey
geese,
guinea
fowl)
Total
number of
animals
owned
Number of
breeding
females

Q226 Does the household practice fishing?

No
Yes

Q227 If not, why?

Lack of canoe

Lack of fishing equipment

Lack of manpower

Health problems

Not concerned (never practices)
Other (s) to be specified

Q2238 If yes, specify the types of fishing practiced

Convenient Production in the Total amount reported
Types of fishing last 30 days
No
Yes
sea fishing
Inland fishing

Aquaculture

Q229 Does the household exploit forest resources?
No
Yes

Q230 If not, why?

Administrative measures

Lack of manpower

Health problems

Not concerned (never practices)
Other (s) to be specified

Q231: If yes, specify the resources exploited

Convenient
Resource Types
No
Yes

Production in the
last 30 days

Total amount reported

Wood, coal

Picked products

Game
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Q232 | In the past 12 months, has the household received food assistance?

Type of support Aggregate amount/aggregate quantity
Cash transfer

Food vouchers

rice

oil

sugar

but

lens

millet

cowpea

Family Safety Scholarships
Universal health coverage
Other specify

MODULE 3: FOOD CONSUMPTION

Q300: In the past 12 months:

1 | have you or other household members been worried about not having enough to eat because you did

not have enough money or other means of obtaining food?
0=No

1=Yes

98=DK

99=Refused

2 | Have you or other members of your household been in a situation where you could not eat nutritious
and healthy foods because you did not have enough money or other means?

0=No

I1=Yes

98=DK

99=Refused

3 Have you or other members of your household found yourself in a situation where you almost always
ate the same thing, because you did not have enough money or other means to obtain food?

0=No

1=Yes

98=DK

99=Refused

4 | Have you or other members of your household had to skip a meal because you did not have enough
money or other means to get food?

0=No

1=Yes

98=DK

99=Refused

5 | Have you or other members of your household been in a situation where you have not eaten as much
as you should have, due to lack of money or other means of obtaining food?

0=No

1=Yes
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98=DK
99=Refused

6 | Have you or other members of your household found yourself in a situation where there was nothing
left to eat at home because there was not enough money or other means of get food?

0=No

1=Yes

98=DK

99=Refused

7 | Have you or other members of your household been in a situation where you were hungry but did not
eat because there was not enough money or other means to get food? food ?

0=No

1=Yes

98=DK

99=Refused

8 | Have you or other members of your household found yourself in a situation where you had not eaten
anything for a whole day, due to lack of money or other resources?

0=No

1=Yes

98=DK

99=Refused

Q301 | How many children in the household eat at a school canteen?

Q302 | If there is no child who eats at a school canteen, why?
No canteen needed

The school does not have a school canteen

Expensive contribution

Poor quality of meals

Other specify

Q303Does the household currently have food stocks for each of the following cereals
No Quantity (kg)

Yes

Rice

Mil

Sorghum

But

peanut shell
Shelled peanut
cowpea

Fonio

Other specify

Q304: How many days during the last 7 days, the members of your household consumed the following foods
and how these foods were acquired?
(Use the codes on the right, write O for products not consumed in the last 7 days and if necessary note the source

of food)
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Foodstuffs

Q304.1
Number of days
of
Consumption
during the 7
last days ?

(0to 7)

Q304.3
Main source of food consumed? (Enter the
corresponding code)

Source code
own production
Fishing/Hunting
Collection/Pickup
Loan / purchase on credit
Cash purchase
Barter
work for food
Don
Food aid (State, humanitarian)
Other (s) to be specified

Rice

Pasta, bread/cake and/or
donuts, bread

Roots, tubers: potato,yam,

cassava, sweet potato and/or
other tubers

Other Cereals:
millet, maize

sorghum,

Legumes/nuts: beans,
cowpeas, peanuts, lentils,
soybeans, and/or other nuts

orange vegetables
(vegetables rich in vitamin A):
(carrot, red pepper, pumpkin,
orange sweet potato, etc.)

Green leafy vegetables
(spinach, broccoli, amaranth
and/or other dark green
leaves, cassava leaves etc.)

Other vegetables (onions,
tomatoes, cucumber, radish,
green beans, peas, lettuce,
etc.)

orange fruit (fruits rich in
vitamin A): mango, papaya,
apricot, peach etc.)

Other fruits (banana, apple,
lemon, tangerine)

Meat/offal/poultry (meat in
large quantities and not as a
condiment)

Fish/Seafood (in large
quantities)

Eggs

Fresh or curdled milk

Other dairy products
(yogurt, cheese, other dairy
EXCEPT margarine/butter or
small amounts of milk for
tea/coffee)
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Foodstuffs

Q304.1

Number of days

of
Consumption
during the 7
last days ?

(0to 7)

Q304.3
Main source of food consumed? (Enter the
corresponding code)

Source code
own production
Fishing/Hunting
Collection/Pickup
Loan / purchase on credit
Cash purchase
Barter
work for food
Don
Food aid (State, humanitarian)
Other (s) to be specified

Oil/fat/butter: oilvegetable,
palm, shea butter,
margarine, other fats/oil

drinks),

Sugar or sweet
products:sugar, honey, jam,
donuts, sweets, cookies,
pastries, cakes and other
sweet products, (sweet

Condiments/Spices:tea,
coffee/cocoa, salt, garlic,
spices, yeast/baking powder,
tomato/hot sauce, meat or
fish as condiments, other
condiments

Q305.Dietary diversity questionnaire at household level (recall of the last 7 days)

Interview only the person in charge of preparing household food for the household dietary diversity
score (HDDS), the children for the individual child dietary diversity( child IDDS) and pregnant and

lactating women for the women’s individual dietary diversity score (WDDS).

Ask everyone what they ate and drank yesterday (meals and snacks), whether during the day or at night,
at home or away for the child IDDS and the WDDSF.

Start with the first food or drink consumed in the morning. Note all foods and beverages mentioned.

If a cooked dish is mentioned, ask the person responsible for preparing the food for the list of

ingredients.

When the person has finished, check with them that they have not missed any meals or snacks.

Breakfast

Lunch

Dinner

Day 1

Day 2

Day 3
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Day 4

Day 5

Day 6

Day 7

When the respondent's summary is complete, fill in the food groups according to the information given
above.

MODULE 4: INCOME AND EXPENSES

4.1 Household income

Q400 | Main source of household income Q40 | Who was the main provider of household
1 resources in 2017?

Agriculture
Breeding head of household
Fishing Father/Mother of the CM
Trade Spouse of CM
Salary CM Siblings
Transfers Other CM relatives
Transportation Boss
Annuity Friends
Other specify... . Marabout

Myself

Other (to specify)

Q402 | What is the socio-professional category of the | Q40 | In the past 30 days, what is the total
main household provider? 3 amount of household income

Agricultural independent
Non-agricultural self-employed
Formal sector employer
Informal sector employer
public employee

Private employee

Q404 | In the last 30 days, how much was received from each source of income

Income description Amount
Breeding
Fishing
Trade
Salary
Business
Transfers
Donations
Legacy
Other

171




Household expenses

Q405:In the past 30 days, how much did the household spend on the following foods?

Type of expenses

Amount (put 0 if there is none)

Cereals

tubers

Vegetables

Pulses, oilseeds

Meat

Milk

Fish

oil

Sugar

Other food products

Q406:During the last 30 days, how much did the household spend on the following items?

Amount (put 0 if there is none)

Tuition fees (registration, monthly payments)

Supplies (books, notebooks, pens, etc.)

Student transportation

Uniforms, outfits

Various expenses

Q407:During the last 30 days, how much did the household spend on the following items?

Type of expenses

Total amount at (put 0 if there is none)

Consulting fees

Traditional and modern medicines

Examinations and care

Transport for health reasons

Other miscellaneous expenses (glasses, prostheses, equipment,
etc.)

Q408:In the last 30 days, how much did the household spend on the following items

Type of expenses Amount

electricity

Gas

Charcoal

Firewood

Fuel

Cigarettes/tobacco

Phone credit

Public transport

Water

TV packages

Phone

Soap

Rent
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Cosmetic products

Hairdressing, pedicure, manicure

Land rental

Housing construction and maintenance

Clothes

Ceremonies (baptisms, weddings, etc.)

Celebrations (Korité, Tabaski, First Communion, etc.)

Equipment and furniture (radio, car, TV, fridge, cupboards,
beds, etc.)

Other expenses

MODULE 5: SHOCKS AND COPING STRATEGIES

5.1 Shocks

Q500 During the last 30 days, has the household faced one or more shocks?

Q500.2

What was done to deal with the shock
(quote main action)

Q500.1 Sell assets
Tvpe of Shock In the past 30 days, has the household Apply for family support
yp experienced shock (number) Rely on the support of the. coirrTmunlty network
Incur a debt (bank, individual, etc.)
Be helped by the friendly network
Use savings
Migrate
Drought
Flood
Thunderstorm

Bad harvests

loss of land

|| W|IN|F

Damage to stored
productions

Loss of fishing gear

8 | bad fishing season

9 | Plant pathologies

10 |Significant fodder
deficit

11 | Livestock death

12 | cattle theft

13 | Livestock outbreak

14 | Fire

15 | Bushfire

16 |severe water
shortage
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Q500.2
What was done to deal with the shock
(quote main action)
Q500.1 Sell assets
f Shock In the past 30 days, has the household Apply for family support
Type of Shoc experienced shock (number) Rely on the support of the. co.m'munity network
Incur a debt (bank, individual, etc.)
Be helped by the friendly network
Use savings
Migrate
17 |business
bankruptcy
18 | Rising food prices
19 |Rise in agricultural
input prices
20 | Accident
21 | seriousillness
22 | Death of the main
breadwinner
23 | Job loss / no pay
24 | Inability to repay a
loan
25 | Involuntary
displacement
26 | Community/politic
al crisis
27 | Conflict
28 | Other shocks to be
specified
Q501 | In the past 12 months, has a household member had a health problem? (if there are several cases,
take the most serious)
No
Yes
Q502 | If yes, specify the most serious health problem
Organ ailments (head, throat, ear, legs, arms, stomach, etc.)
Diarrhea
Vomiting
Fever
Loss of consciousness
injuries
Parasites
skin problems
Other (s) to be specified
Q503 | Did this member go to consult?
No
Yes
Q504 | If not why?
Far distance
High cost
Quality of care / resources
Cultural choice
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Other reasons (specify)

Q505

If so, what is the location?

Marabout Healer

Private doctor

Pharmacist

Neighborhood doctor/nurse
public hospital

Health center
Dispensary/public health post
Health hut

Private Christian/NGO
company doctor

company doctor

Private clinic

other

Q506

How far is the place of treatment?

Less than 1km
Between 1 and 2 km
Between 3 and 5 km
Between 6 and 10 km
Between 11 and 50 km
More than 50km

Q507

How long does it take to get to this place on foot?
(in minutes)

Q508

Is the health problem solved?
No, | am still on treatment

No, but | abandoned the treatment
Yes

Q509

Is one of the household members a member of an association?

No
Yes

Q510

association type Q510.1

Membership

No
Yes

Q510.2
Can the household rely on this

association if necessary?
No
Yes

Economic interest group (GIE)

Women's Promotion Group (GPF)

Sports and Cultural Association (ASC)

Development Association

religious association

NP WIN|(F

Customary association
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5.2 Coping Strategies

N e

During the last 7 days, has the household had to resort to one of the following strategies
because of food difficulties: (list the strategies one by one. If the strategy is not adopted, enter
0 in the number of days).

Freque
ncy (0
to7)

Consuming less popular, less expensive foods

Borrowing food or relying on help from relatives (friends, neighbours, colleagues, relatives, etc.)

Decrease the amount of food taken during meals

Reduce the amount of meals taken by adults for the benefit of children

o | W N -

Reduce the number of meals taken per day

Q512: In the past 30 days, has the household had to resort to any of the following strategies
because of food difficulties

1. Yes

2. No, it is not
necessary
Strategies 3. No, I have already
used this strategy
without success

Sell more animals than usual on a sustainable basis

1
2 Reduce spending on health and/or education
3 Reduce support expenditure for agro-sylvo-pastoral and fisheries production
4 Borrow money to buy food
Unsustainably sell livestock (high level of sale, unusual sale of young breeding
5 females)
6 Sell productive goods or household assets (plows, seeders, transport vehicle, etc.)
7 Remove children from school
) Sell all livestock
9 Sell farmland
10 Migrate the entire household
11 Consuming seeds for the next crop year
12 Harvesting immature crops/hunting/gathering wild fruits
13 Send one or more members of the begging household
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MODULE 6: ANTHROPO WOMEN 15-49 years old

AF1 AF2 AF3 AF4 AF5 | AF6 AF7
status
of
wome U
n Weig pper
) arm
ht | Size(c | .
Woman ey . 1=FE circumfer
Wife's name Age (in years) (kg) | m)0.
no. ence
2=FA 10.1k| 1cm
(MUAC) +
= g 0.1 mm
FNENA
4= AEF
1
2
3
4
5
6
7
8
9

NB: for breastfeeding women under 2 months or pregnant, take only the MUAC.

Those with children over 2 months, take the weight and height
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MODULE 7: QUESTIONNAIRE FOR CHILDREN AGED 0-59 MONTHS (anthropo-
VitA-IRA-diarrhea)

AE | AE AE1l AE1 | AE1 | AEl
AE1l AE2 AE3 AE4 AE5 AE6 AE9 AE11 AE15 | AEl6
7| 8 0 2 3 4
order | Child' | Househo | Gende | Date of | Agein | W | Siz | Size | Ede | Uppe | Diarr | IRA | Feve | Lives | Dewor
num s Id r birth | Mont | eig | e(c [ standi| ma |rarm | hea | the |rthe|.Has | mingin
ber | name | number | (F/M) | (dd/ hs (if | ht | m) | ngor | n=N | circu in last | last in the
mm / no |(kg| £0. | lying o mfer | the 15 15 | the | past6
yyyy) date | ) | 1c | (H=st | y=Ye | ence | last | days | days | past | month
of [20.| m [ andin s (MU 15 ? 6 s?
birth) | 1k g AC) £ | days 0= | mon | (Show
g L=lyin 01 [?0=] 9% [NoL| ther | tablet)
g) mm |No1| No | = | (sho | 0=no;
= | 4= Ye_s w | 1=yes
Yes Y 9= caps | 9=don'
es Don'
= ule) | tknow
Don'| 9= t 1 0=no
t Don' kno -
kno | t Wl 1=ve
w kno S
w 9=do
n't
kno
w
1
2
3
4
5
6
7
8
9
10
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MODULE 8: 'YCF QUESTIONNAIRE (0-23 months)

MODULE - CHILDREN FROM 0 TO 23
MONTHS INFANT AND YOUNG CHILD

FEEDING PRACTICES (IYCF)

Coded | Question Answer Comments
IYCF 1 Child's first and last name
IYCF 2 Household number ||
IYCF 3 Child ID ID- (refer to the anthropometry module
| | _| | fortheID (order number of the child
in the household)
IYCF4 | Child's gender || M = MALE / F = FEMALE
IYCF5 | Date of birth (dd/mm/yyyy) / / /
IYCF6 | Child's age in months ||
IYCF 7 have you ever breastfed (NAME) | 1=YES
0= NO*
*With a 'NO' answer go directly to
IYCF question 12
IYCF 8 How long after the child was born [ 0 = Immediately Less than an hour
did you first put (NAME) to the
1 = Between 1-24 hours
breast?
2 = More than 24 hours (Day)
88 = Don't know (DK)
IYCF9 | Did you feed (NAME) with || 1=YES
colostrum?
0=NO
88 = DK
IYCF 10 | Are you still breastfeeding (NAME) | 1=YES*
today?
Y 0=NO
*With a 'YES' answer go directly to
IYCF question 12
IYCF 11 | How long have you been Number of months

breastfeeding (NAME)?

88 = DK
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24-HOUR REMINDER THE FOLLOWING QUESTIONS ARE ABOUT FOOD AND DRINK TAKEN
DURING THE DAY OR NIGHT YESTERDAY (0-23 months)

IYCF 12 | | would like to know the LIQUID PORRIDGES and DRINKS consumed by (NAME) during
the day or the night yesterday?

AT- Water ||

B- Infant milk (Nursie, Nan, Guigoz, || IF YES HOW MANY

Alma, Célia, Blédina, etc.)

TIMES*(Specify) | __|

*If 7 times or more,
note "7"

88 = Don't Know

VS- All other types of milk, powdered || IF YES HOW MANY
(Nido, Top Lait, Peak, etc.), bottled, TIMES*(Specify) | __|
sweetened condensed milk (peak, .

*If 7 times or more,
etc.)
= note "7"
g
¥ 88 = Don't Know
L
D- Yogurt s || IF YES HOW MANY
o .
" TIMES*(Specify)| __|
o0
3 *If 7 times or more,
8 note "7"
n
© 88 = Don't Know
~
(7]

E- LIQUID PORRY(mill, soy, maize N
porridge, with peanuts, Tanty, :.
Cerelac, Bledina, Celia, etc.)

F- Natural/Fresh fruit juice ||

G- Tea, Chai, Coffee or Herbal teas ||
(lemongrass, anise, etc.)

H- Other liquids: Juice (Top, Coca ||
Cola, Fanta, Djino, etc.).

IYCF 13 | (NAME) drank liquid from a bottle | |* * If answer 'YES' ask
during the day or night yesterday? the mother to see the

bottle.

IYCF 14 I would like to know the THICK PORRIDGES, SOLID and SEMI-SOLID FOOD consumed

by (NAME) during the day or the night yesterday? (0-59months)

AT- Breastmilk woa |

L
>
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Food based on cereals, roots and
tubers:thick porridge(porridge of
millet, maize, with peanuts, Tanty,
Cerelac, Bledina, Celia, etc.), all
other rice-based foods, millet,
wheat, fonio, cassava, potato, yam,
sorghum, corn, pasta

VS-

Legumes and nuts (peas, beans,
lentils, soybeans and derived
products, peanuts, peanut paste or
cakes, water lily seeds, sesame,
wild nuts, sesame, pistachio,
Kossey

Milk and Dairy Products(cheese,
kossam, dakere, etc.)

Meat or fish

Eggsor Omelet

Fruits and vegetables rich in
vitamin A(mango, papaya,
pumpkin, guava, squash, carrots,
sorrel leaves, squash leaves, dark
green shallot leaves, fresh onion
leaves, bean leaves, potato leaves,
Moringa, néré/néré powder ),
Foods prepared with red palm oil,
red palm kernel or red palm kernel

pulp

Other fruits and
vegetablesBanana, guava,
watermelon, orange, lemon, dates,
jujube, wild fruits ("grape"/bembe,
monkey bread/baobab fruit), wild
"dates", shea pulp, liana fruit,
ronier fruit flesh , pineapple,
avocados..., dark green leaves
(spinach, Baobab,..........) pepper
onions, cabbage, salad, French
apple, Djeladjé,

1,

(—

IYCF 14

Finally, | would like to know how often did
you give solid or semi-solid food to
(NAME) yesterday during the day or
night?

How many times*
*If 7 times or more,
note "7"

8 = Don't know
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MODULE 9: SALT IODIZATION

1.1 Do you currently have Yes If 1 next question
salt in the household? | ..o, £ 2 end
NO .o e » €N
2 Don’t know ...........
................... 9
1.2 Could I now take a Yes If 1 next question
small amount of salt | ..o, £2 end
usually used for NO .ot e » €N
preparation? 2
Collect approximately
20-30 g of salt for
guantitative analysis
and for the rapid test.
1.3 Salt sample collected? Yes
NO (oo e
2
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