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Introduction

In 2015, all United Nations member states adopted the 2030 Agenda for Sustainable Develop-
ment, establishing a comprehensive framework for global peace, prosperity, and environmental
stewardship. Among its 17 Sustainable Development Goals (SDGs), Goal 2 seeks to end hunger,
achieve food security and improved nutrition, and promote sustainable agriculture. As of 2024,
however, progress toward this goal remains limited and uneven. Global food security is increasingly
threatened by a convergence of crises including economic instability, con ict, and the worsening

e ects of climate change. Rising temperatures, shifting rainfall patterns, and ecological degrada-
tion are disrupting agricultural productivity, limiting food availability, and exacerbating existing
inequalities, particularly in low- and middle-income countries (LMICs) (FAO, 2023). Transforming
agrifood systems is widely recognized as essential for achieving SDG 2. Central to these systems
are family farms, which produce approximately 80 percent of the world's food (Lowder et al.,
2021) and contribute signi cantly to biodiversity conservation. Yet, smallholder farmers remain
highly vulnerable to climate-related shocks, poverty, and food insecurity. Despite their critical role,
they are often marginalized in research and policymaking. While agrifood systems research has
expanded by 60 percent over the past 13 years, only eight percent of global studies focus on small-
scale producers or agri-SMEs, with limited attention to the poorest and most climate-vulnerable
countries (Porciello et al., 2024).

This thesis seeks to contribute to closing this gap by focusing on smallholder farming house-
holds, agrifood system transformation, and food insecurity in its full spectrum, from undernutrition
to overnutrition. Grounded in a agrifood systems approach, the research considers how intercon-
nected economic, environmental, and social processes shape food availability, access, utilization,
and stability. It also engages with the concept of the nutrition transition, recognizing how changes
in food environments, income, and lifestyle are driving shifts in dietary patterns and health out-
comes. Through three thematically linked chapters, the thesis investigates key dimensions of food
system dynamics: from barriers to accessing productive resources, to value chain development, to
changing consumption patterns. The empirical focus includes both global and local contexts, struc-
tured as a multi-country, multi-dimensional analysis in Chapter 1, followed by two single-country
case studies on Small Island Developing States (SIDS) facing opposite nutrition challenges, one
grappling with persistent undernourishment, the other experiencing rising obesity. These settings,
often at the frontline of climate and nutrition crises, o er important insights into the fragility and
adaptability of food systems under stress.

Chapter 1 explores how smallholder households access productive resources such as land and
agricultural inputs, and examines the implications of these constraints, in a multi-country setting,
using national representative surveys from 19 developing countries with a focus on farming house-
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holds. This chapter is based on work developed in collaboration with Ana Paula de la O Campos
and Benjamin Davis at the Food and Agriculture Organization of the United Nations (FAO).
They contributed to the conceptualization and provided supervision throughout the process. | was
responsible for the literature review, data cleaning and analysis, methodology development, and
writing.

Chapter 2 analyzes the case of Sdo Tomé and Principe, assessing how the development of an
organic cocoa value chain intersects with broader goals of food security, livelihoods, and rural
transformation in a SIDS context. The data used in this chapter was collected during my time as
a research assistant at the International Fund for Agricultural Development (IFAD) in 2018, when
| participated directly in the eldwork with Alessandra Garbero.

Chapter 3 investigates trends in ultra-processed food consumption in Suriname, linking dietary
changes to health outcomes and structural shifts within the national agrifood system.

The analyses also considers intersecting dimensions such as gender, inequality, and geographic
isolation, which further in uence access to resources, exposure to risks, and nutrition outcomes.
Methodologically, the thesis draws on a combination of nationally representative surveys, quasi-
experimental impact evaluation data as well as qualitative insights, allowing for both quantitative
rigor and contextual depth.

This dissertation contributes to several underexplored areas of development economics and
agrifood systems research. First, it 0 ers new cross-country empirical evidence on resource access
disparities among farming households, emphasizing the persistence of gender gaps and the critical
role of policy interventions to address structural barriers to agricultural productivity and equity.
Second, it contributes to the scarce literature examining the intersection of organic agriculture,
food security, and nutrition in developing countries, in a vulnerable SIDS contexts. While existing
studies often focus narrowly on income or exports, this research provides a comprehensive analysis
linking certi cation to dietary diversity, food security, and household wellbeing. It demonstrates
that organic certi cation, when embedded in supportive institutional frameworks, can serve not
only as a commercial strategy but also as a pathway to nutrition-sensitive rural development,
particularly for small economies unable to compete on scale.

Third, this work advances understanding of nutrition transitions in the Caribbean by provid-
ing novel evidence from Suriname on the determinants of ultra-processed food consumption. It
highlights how dietary shifts are increasingly driven by social and environmental factors rather
than pure income e ects, underscoring the importance of targeting consumer behavior and food
environments in public health and nutrition policy.

Finally, by combining eldwork, secondary data analysis, and mixed-method approaches, the
dissertation provides insights for policymakers and practitioners aiming to design integrated agri-
cultural, nutrition, and rural development strategies adapted to diverse institutional and market
contexts.

Taken together, these chapters o er new insights into the complexity of agrifood system trans-
formation in under-researched contexts. By foregrounding the experiences and agency of small-
scale producers in LMICs and SIDS, this thesis contributes to a more inclusive understanding of
agrifood system dynamics. Its ndings have implications for national and international policy,
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particularly in designing equitable interventions that align with the goals of SDG 2 and support
more sustainable, resilient, and just agrifood systems.
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Chapter 1

Farming households' access to
productive assets and inputs A
cross-country approach

Abstract

This study provides country-level estimates of productive inputs and assets utilized by farming
households, including land, fertilizers, agrochemicals, water management technologies, improved
seeds, and mechanization in 19 countries across the world covering the period 2014 2020, using
the latest nationally representative survey. Additionally, we explore inputs' distribution across
various dimensions such as household per capita consumption, crop income specialization, and
the gender of the household head, while considering the level of agricultural productivity across
countries as proxied by agricultural value added per worker. Our descriptive analysis reveals that
farming households continue to face challenges in accessing inputs, assets, and water sources to
support agricultural production in most of the countries analysed regardless of their productivity
level. A gender gap persists in access to land and inputs, in all the countries analysed, regardless
of their rural transformation path. These ndings highlight the need for targeted policies that
promote equitable access to agricultural inputs and strengthen complementary investments, such
as infrastructure and extension services aimed, to maximize productivity gains and sustainability.
Addressing gender disparities in resource access should also be prioritized to foster inclusive rural
development.

Keywords: agricultural assets; farming households; rural transformation; inputs inequality;
gender inequality

J.E.L Classi cation: 012, 013, Q01, Q1, R2
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1.1 Introduction

Addressing farmers' asset constraints is not only important for farmers' incomes and breaking
poverty traps, but also for agricultural and rural transformation, two key drivers of structural
transformation. Key elements of rural transformation include an increase of agricultural pro-
ductivity, a shift from subsistence to commercial farming and the development of a diversi ed
production system and growth of o -farm employment opportunities (IFAD, 2016). Such trans-
formations, including increased market access, cannot be achieved without farmers having access
to key productive assets (Barrett, 2008).

To address these constraints at policy level, there is a need for better statistics at the household
level, and more analysis on the role of assets and inputs across di erent stages of agricultural
transformation. To our knowledge, only a handful of studies have produced empirical evidence
on the levels of access to productive assets using nationally representative data and employing a
cross-country approach. These studies (Sheahan and Barrett, 2017; Zezza et al., 2011) nd that
farmers' access and use of key productive assets and inputs remain low amongst rural/farming
households, particularly in sub-Saharan Africa (SSA).

Furthermore, other estimates on assets can be accessed through macro-level statistics, such
as those provided by FAOSTAT and AQUASTAT which have also been used in the literature to
estimate fertilizer usage volumes and irrigation area at the national level (Minot and Benson, 2009;
Svendsen et al., 2009). However, these sources do not provide information on the distribution of
such assets across small and large farms. Additionally, more detailed information on the adoption
of agricultural technologies, including improved seeds and modern inputs, is typically con ned to
project-level data or specic regions and crops (as seen in Sheahan and Barrett, Sheahan and
Barrett (2017)). Consequently, these sources do not o er a comprehensive national or global-level
overview of farmers' access.

This study builds upon these previous e orts by utilizing harmonized household surveys. By
using this source of data and a multi-country approach, we aim to provide an updated assessment
and contribute to closing the knowledge gap regarding the utilization and ownership of key produc-
tive assets and inputs among farming households in developing countries. We use household-level
nationally representative, and the most recent (from 2014 to 2020) datasets harmonized by the
Food and Agriculture Organization of the United Nation's (FAO) Rural Livelihoods Information
System (RuLlIS). In our study, we concentrate on the 19 most recent country-level surveyswithin
this dataset. These countries vary in the agricultural sector's importance, which we account in
our analysis by using agriculture value added per worker as a measure of rural transformation.
However, we acknowledge that rural transformation is a multidimensional process that extends
beyond the agricultural productivity improvements captured by this measure, also encompassing
employment and income diversi cation (FAO, 2017), infrastructure development (Berdegué et al.,
2013), and improvements in health and education (Reardon and Timmer, 2014)

Our focus primarily revolves around assessing natural and physical capital endowments crucial
for agricultural production. Along with traditional productive assets and inputs, we also include
access to Information and Communication Technologies (ICTs) for their recognized potential as

1in this paper, the term asset is used as an umbrella term to encompass productive assets, inputs and tech-
nologies

2The surveys considered in this study are: Burkina Faso 2014, Cameron 2014, Ecuador 2014, Ethiopia 2018/2019,
Georgia 2016, Ghana 2016/17, Guatemala 2014, Malawi 2019/20, Mali 2017/18, Nicaragua 2014, Niger 2014/15,
Nigeria 2018/19, Pakistan 2013/14, Peru 2019, Rwanda 2013/14, Sierra Leone 2018, Uganda 2013/14, United
Republic of Tanzania 2014/15.
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tools to achieve the SDGs (Mondejar et al., 2021) and in fostering a more sustainable and resilient
agriculture. Although our dataset lacks detailed information on digitalization, we do present data
regarding the utilization of mobile phones. Mobile phones serve as a key instrument for accessing
the internet and digitalization technologies, which are essential for enhancing risk preparedness
among farmers (Finger, 2023), and can in uence decisions on input use.

Additionally, we investigate the distribution of these assets across economic groups, crop in-
come specialization, and gender of household head to uncover potential inequalities often masked
by country averages, which are crucial to promote inclusive rural transformation. Furthermore,
through a probit model, we delve into the factors associated with the utilization of these assets
and inputs.

The subsequent sections of the paper are structured as follows: Section 1.2 o ers a literature
review and conceptual framework guiding the analysis. Section 1.3 outlines the data sources and
analytical tools employed. Section 1.4 presents statistical insights into household asset ownership
and input utilization, examining variations across di erent dimensions. Section 1.5 delivers the
ndings of the empirical analysis. Lastly, Section 1.6 provides concluding remarks.

1.2 Conceptual framework

The extent to which asset endowment shapes the dynamics of poverty and rural development is a
widely debated issue in economic literature (Barrett and Carter, 2013; Carter and Barrett, 2006;
De Janvry, 2010). A minimum level of access to a bundle of assets is necessary to engage in farm
production (Eswaran and Kotwal, 1986), to enter markets successfully and continue accumulating
assets over time (Adato et al., 2006), and avoid falling into poverty traps (Barrett and Carter,
2013).

Farm household models and the rural livelihoods approach are two key frameworks highlighting
the role of assets' endowment in analysing household decisions. On one hand, farm household
models conceptualize households as entities where inputs are procured and outputs are sold to
optimize utility, contingent upon their constrained capital endowment. Within this framework,
consumption and production decisions are in uenced by farm prots (Singh et al., 1986). The
Sustainable Livelihoods (SL) framework (Ellis, 1993, 2000) posits that households make resource
allocation decisions based on the endowment of assets which are classi ed into ve categories,
natural capital (land, water), physical capital (agricultural and household durables, livestock),
nancial capital (cash, credit or savings), human capital (education, skills), and social capital
(networks, group membership). The di erent activities in which a household engages constitute a
livelihood strategy, where diversi cation is essential for survival and for improving living standards
(Ellis, 2000). The Gender, Agriculture and Assets Project (GAAP) expanded the SL framework to
incorporate the gender dimension of asset ownership, nding evidence that strengthening women's
ownership and control over assets increases their role in decision making about livelihoods strategies
(Johnson et al., 2016). Empirical research (Savath et al., 2014; Winters et al., 2009) has extensively
employed these models, revealing clear associations between asset endowment and the selection of
economic activities, as well as the corresponding income levels. In line with this, several rural
development strategies not only focus on improving farmers' access to productive assets for on-
farm production, but also, on supporting transitions out of agriculture (Larson et al., 2020).

The livelihood approach has been embraced by numerous development agencies and non-
governmental organizations (NGOs) as a strategy for transforming livelihoods (Alobo Loison,
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2015). For instance, initiatives such as BRAC's (not an acronym) ultra-poor graduation pro-
grams, which typically involve transfers of productive assets, underscore the signi cance of asset
ownership in mitigating poverty and disrupting poverty traps. Impact evaluations of these pro-
grams suggest that assets enable sustained impacts in reducing poverty, namely through increased
consumption and food security (Banerjee et al., 2015). Experimental evaluations of BRAC also
validate the theory that increased ownership of productive assets enables women to transition to-
wards more entrepreneurial income strategies and earn higher returns on labour (Bandiera et al.,
2013).

A fundamental aspect of farm household and SL models is their recognition that rural house-
holds in developing countries grapple with market imperfections and failures. These models high-
light the non-separability of production and consumption decisions (Singh et al., 1986) where
household's production choices, such as input utilization, selection of activities, and production
goals, are in uenced by consumption characteristics like preferences and demographic composition.
This interdependence illustrates how market imperfections, such as those a ecting consumption,
can shape agricultural decisions (De Janvry and Sadoulet, 2006).

Market imperfections manifest in several ways: missing or thin markets (e.g., for labour, food,
or credit), prohibitive transaction costs, and quantity constraints limit households' ability to engage
e ectively in the market (De Janvry and Sadoulet, 2006). These conditions catalyse non-separable
behaviour, where households cannot distinctively prioritize prot maximization due to the inter-
linked nature of their consumption and production decisions. Poverty and limited asset hold-
ings fundamentally alter the choices available to households, compelling them into non-separable
decision-making (Du o, 2006). The absence of certain assets, like land or capital, restricts their
market participation and con nes them to a cycle of low productivity and investment (Barrett and
Reardon, 2000).

Moreover, these asset constraints exacerbate households' vulnerability to credit market fail-
ures, where lack of collateral and heightened risk aversion impede access to credit (De Janvry
and Sadoulet, 2006). Without well-functioning credit markets, households facing income shocks
(due to weather, price uctuations, or illness) might be forced to deplete their productive assets
(e.g., selling livestock or land) to smooth consumption or cover immediate needs, pushing them
further into poverty (Du o, 2006). This scenario emphasizes the importance of "minimum asset
endowments," which are essential for smallholder farmers to engage in market-driven production
(De Janvry and Sadoulet, 2020).

The impact of economic growth on poverty reduction within agricultural households hinges on
their access to assets, their adoption and distribution and ultimately their ability to leverage them
for income generation (Christiaensen et al., 2011; De Janvry and Sadoulet, 2020; Erumban and
De Vries, 2024). This includes overcoming entry barriers in both agricultural and non-agricultural
markets (De Janvry, 2010). Indeed, in their conceptualization, De Janvry and Sadoulet (2020)
identify asset building, de ned as access to land and human capital for smallholder farmers and
the Green Revolution, namely the di usion of new seeds and fertilizers for staple crops, as the
rst two steps of the Agriculture for Development Sequence, a trajectory for using agriculture for
development.

Recognizing the important role of assets and inputs in agriculture-led development within
theoretical economics and empirical studies, our research focuses on key productive assets. We
select key ones (driven by data availability), including land, livestock, agrochemicals, fertilizers,
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seeds, mechanization, water access, together with selected ICTs.

Overall, e ective utilization of these assets and inputs is crucial for driving agricultural trans-
formation, rural development, and poverty reduction. These elements boost productivity, techno-
logical progress, income diversi cation, and ultimately, economic growth and structural transfor-
mation. The transformative e ects of these strategies are exempli ed by Asia's Green Revolution,
where a limited set of technologies land, fertilizers, pesticides, mechanized equipment, and irri-
gation enhanced productivity in rural communities and food systems. Yet, the Green Revolution
also involved environmental degradation, increased greenhouse gas emissions, water contamination,
and human health risks stemming from the ampli ed and ine cient utilization of inputs, notably
agrochemicals and fertilizers (Pingali, 2023). More broadly, developing regions have withessed the
most signi cant surge in greenhouse gas emissions due to the mechanization of agricultural prac-
tices, which includes the extensive use of fertilizers and pesticides (Crippa et al., 2021). Therefore,
it is crucial that other transformation processes incorporate a sustainability angle to mitigate such
adverse e ects.

Considering this, we hypothesize, rst, a higher share of the population being involved in farm-
ing (farm households) within countries with lower agricultural value added per worker (World
Bank, 2024) (hereinafter AVA/PW). However, we also expect farm households to have a lower
level of access to assets and inputs within this category of countries, as a higher level of access to
assets and inputs by farming households would be associated with more advanced levels of struc-
tural transformation and lower levels of poverty. We assess the extent to which farm households
in countries with higher levels of transformation (or higher AVA/PW) use the dierent assets
and inputs for agricultural production, and in particular, the ones that require higher upfront in-
vestments (i.e. mechanized equipment) or higher recurring annual cost (i.e. agrochemicals). Also,
in line with this, we expect to see an e ect of the use of assets and inputs in crop income per capita.

We anticipate variations in input utilization between wealthier and poorer households, with
a higher prevalence of input use among wealthier categories. We expect this discrepancy to be
more pronounced in countries with lower AVA/PW, gradually diminishing as rural transformation
processes unfold. Considering the existing literature on gender disparities in input access and
technology adoption (Anderson et al., 2021; Kosec et al., 2023; Sheahan and Barrett, 2017), we an-
ticipate women-headed households to face greater challenges in accessing these inputs, particularly
in countries with higher AVA. Additionally, looking at patterns of income generating activities, we
anticipate that households specializing in crop income may exhibit higher levels of asset endow-
ment. However, given that farm income specialization can also correlate with poverty (De Janvry
et al., 2005), we anticipate that income diversi ed households may demonstrate greater asset en-
dowment, particularly concerning expensive inputs.

Following ndings from Sheahan and Barrett (2017), we anticipate that socioeconomic charac-
teristics will have a relatively modest in uence on input use, except for the sex of the household
head. Conversely, we expect characteristics of farming operations (i.e. hectares of land, hectares
of land operated, sales of any crop output, livestock ownership) and livelihood strategies to play a
more signi cant e ect on input utilization patterns since these are closely linked to the day-to-day
management of agricultural activities and resource allocation decisions. Additionally, we aim to
investigate the extent to which the utilization of these inputs a ects crop income outcomes in a
cross-country setting, hypothesizing that households utilizing inputs will experience higher crop
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income per capita.

1.3 Data and methods

1.3.1 Data

This study uses a set of country household survey datasets harmonized by the Rural Livelihoods
Information System (RuLIS) (FAO, 2023a) database which builds on nationally representative
agricultural and multi-purpose household surveys. Launched in 2021, this database was developed
by FAO in collaboration with the World Bank and the International Fund for Agricultural Devel-
opment (IFAD), currently covering 42 countries. The RuLIS database allows comparing indicators
on several assets, income, consumption, and crop production variables, and it is representative of
rural populations.

However, our study encounters three primary limitations, common of cross-country studies.
First, not all countries provide information on assets and inputs, resulting in information gaps
for cross-country and multi-variable studies. Second, the dataset lacks harmonized information
on both the quantity and quality of these assets, limiting the type of analysis that can be done.
Lastly, while variable comparability is generally ensured, some countries may exhibit di erences in
measurement due to variations in survey question formulatioi.

The analysis includes the most recent surveys (available in the platform as of September 2022)
resulting in a sample of 19 countries covering the period of 2014 2020. Although not representative
of all developing countries, the sample includes countries from di erent regions of the world (11
from sub-Saharan Africa, ve from Latin America, two from Europe/Central Asia, and one from
South Asia) and di erent economic classi cations (eight low income, seven lower-middle income
and ve upper-middle income countries).

Table 1.1 presents the list of countries, showing the sample size for each country used in the
analysis. Our sample totals 102 016 farming households, 80 percent of which are based in rural
areas. As expected, both the share of rural and farm households tends to decrease with higher
AVA/PW. This is also consistent with the results of recent work using a larger set of countries
(De la O Campos et al., 2023).

1.3.2 Descriptive analysis

Most of the descriptive analysis is based on a subsample of farm (or farming) households, that we
de ne as households engaged in on-farm income activities (crop and livestock, excluding those who
had only livestock incomée), regardless of their engagement in other income generating activities.
These range from three to 89 percent of the total sample, depending on the country (Table 1.1).
We focus on farming households regardless of their location (urban or rural) because our primary
objective is to understand the asset levels of households engaged in agricultural activities and
their correlation with production, while ensuring consistency with the AVA/PW indicator °, which
covers the entire agricultural sector. This also explains why some countries show a larger share of

3For more information about survey design, we recommend referring to the specic survey instruments and
enumerators manuals available in the technical documentation package of the RuLIS platform.

“We exclude farming households that rely solely on livestock income, assuming that the assets we focus on are
less relevant to this type of farming

5 Agriculture value added per worker is a measure of agricultural productivity. Value added in agriculture
measures the output of the agricultural sector (ISIC divisions 1 5) less the value of intermediate inputs. Agriculture
comprises value added from forestry, hunting, and shing as well as cultivation of crops and livestock production.
Data are in constant 2015 U.S. dollars. (World Bank, 2024)
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Table 1.1: Overview of countries' surveys: survey characteristics and shares of rural, agricultural
and farming households.

Share of households

Agriculture (with respect to overall survey sample)
Survey value added Full
Country year per worker sar’_nple Rural Agricultural* Farming**  Rural
(USD) size and
farming
Burkina Faso 2014 1,532 10,800 71.0 715 67.9 63.0
Cameroon 2014 964 10,303 55.5 57.8 53.8 45.0
Ecuador 2014 5,183 28,970 31.1 39.3 19.3 9.8
Ethiopia 2018/19 804 6,770 67.5 62.7 57.8 57.8
Georgia 2016 1,510 10,858 41.2 39.8 34.2 29.1
Ghana 2016/17 2,807 14,009 44.0 49.1 46.7 334
Guatemala 2014 3,298 11,536 45.6 44.6 31.8 24.8
Malawi 2019/20 329 11,434 83.7 92.0 81.2 75.6
Mali 2017/18 1,421 3,813 73.2 70.2 64.1 62.5
Mongolia 2018 5,264 16,454 355 34.9 34 24
Nicaragua 2014 2,468 6,851 40.1 67.5 60.4 33.0
Niger 2014/15 602 3,617 83.2 77.4 74.1 70.2
Nigeria 2018/19 5,591 5,052 68.4 68.6 53.8 45.9
Pakistan 2013/14 2,347 17,989 63.5 42.3 28.3 26.1
Peru 2019 3,085 34,565 19.8 324 245 16.1
Rwanda 2013/14 523 14,419 82.9 90.9 89.2 80.6
Sierra Leone 2018 2,025 6,840 54.7 68.6 54.2 46.4
Uganda 2013/14 774 3,119 74.6 82.9 79.1 67.2
United Republic 2014/15 803 3,352 66.4 72.6 65.3 56.6
of Tanzania
Total - - 240,230 53.7 51.6 42.5 33.9

Notes: (*) crop, livestock, and agricultural wage income; (**) crop and livestock income (excluding livestock only
income). Shares re ect application of survey sampling weights.
Source: Author's own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS).

agricultural households than rural households in column 6 of Table 1.1.

These comparisons allow us to explore whether asset ownership and use vary systematically
across di erent welfare levels, degrees of agricultural engagement, and gender dynamics within the
household. In most of the analyses, countries are displayed by ascending order of AVA/PW, of the
country-survey year to capture heterogeneity of access over countries' levels of rural transforma-
tion. AVA/PW is used because it captures improvements in labour productivity, which are central
to the process of rural transformation. Higher AVA/PW re ects the ability of a country's agricul-
tural sector to produce more value with the same or fewer labour inputs, which is often achieved
through the adoption of technologies, mechanization, and as well as o -farm and entrepreneurial
opportunities (IFAD, 2016). This makes it a pertinent measure for understanding shifts away from
subsistence agriculture towards more commercialized and e cient farming systems, and has been
widely used in the literature as a measure for rural transformation (Adamopoulos and Restuccia,
2020; Arslan et al., 2022; IFAD, 2016; Timmer, 1988; Reardon and Timmer, 2012).
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The purpose of doing this is to detect potential trends in the di erent levels of asset endowments,
as it is assumed that in countries with a high AVA/PW, we expect farming households to be more
endowed (as fewer households are expected to work in agriculture); while agricultural households
in countries with a lower AVA/PW would show a lower level of agricultural asset endowments,
despite the relevance of the sector in household income strategies (and as we expect a larger share
of households are in the agricultural sector in these countries). At the same time, another factor
to consider is that the most successful farming households that consolidate into larger units are
more likely to be missed in the sample and underrepresented, leaving smaller and subsistence
farming households represented in the sample. We categorize countries into three groups based the
AVA/PW sample terciles (based on Arslan et al. (2022)) as follows: low agriculture value added,
medium agriculture value added, high agriculture value added when the value of agriculture value
added per worker is USD 1 000 or below, between USD 1 000 and 3 000 and greater than USD
3 000 respectively, as shown in Table 1.2. The reference AVA/PW corresponds to the year of the
survey.

Table 1.2: Agricultural value added per worker country classi cation

Low AVA/PW Medium AVA/PW High AVA/PW
(AVA < USD 1 000) (USD 1 000 3 000) (AVA > USD 3 000)

Cameroon Burkina Faso Ecuador
Ethiopia Georgia Guatemala
Malawi Ghana Mongolia

Niger Mali Nigeria

Rwanda Nicaragua Peru

Uganda Pakistan
United Republic of Tanzania Sierra Leone

Note: AVA/PW stands for agricultural value added per worker.
Source: Author's own elaboration based on World Bank. 2024. Databank: World Development Indicators.

To better understand patterns of asset use among the farming population, we conducted paired
t-tests across three key dimensions fo each country separately: household consumption quintiles,
specialization in crop income, and the sex of the household head. Considering data availability, we
examine agricultural households' access to productive assets and inputs focusing on: (i) land; (ii)
use of inorganic fertilizers; (iii) use of agrochemicals; (iv) ownership of mechanized equipment; (v)
water control; (vi) use of improved seeds. We also include livestock and ICT tools such as mobile
phone and internet for their policy relevance. All variables’ de nitions are provided in the annex
(Section 1.8).

In our analysis, we use survey weights available in RuLIS. All monetary values (consumption
and income) are standardized to USD purchasing power parities (PPP 2017) using o cial averaged

6 Although we recognize the importance of organic fertilizers alongside inorganic ones, and of traditional seeds
along improved ones, these are excluded in the analysis due to data limitations.
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exchange rates as calculated by the World Bank (2024). A statistical summary of the variables
used in the analysis is available in Table A8 in the annex.

1.3.3 Empirical approach
Correlates of agricultural assets and inputs use

To assess the factors correlated with the use of agricultural inputs, we use a standard probit
regression model. This multivariate analysis complements the t-test results by controlling for a
broader set of household characteristics, allowing us to con rm whether the observed patterns hold
when accounting for other factors. Pooling observations across countries, we explore the probability
of using inorganic fertilizers, agrochemicals, mechanized equipment, water control, and improved
seeds at the household level and among farming households, as follows:

Yhi = + X hi + it Up (11)
With

P(Y =1 XXt Xk)= (ot 1 Xo+  + kXy) (1.2)

Where:

Yhi = is a binary variable representing ownership of a given asset or use of a given input by house-
hold h in country i.

= is the constant term
Xni = is a vector of explanatory variables that represent household socioeconomic characteristics
(household consumption per capita; sex, age, education and marital status of the household head;
dependency ratio; residing in rural area), household farming operation characteristics (hectares of
land operated, sales of any crop output, livestock ownership), livelihood strategy (specialization in
farming activities, and engagement in o -farm activities), access to infrastructure and technology
(access to electricity and access to mobile phone), and AVA/PW
gamma; = represents country xed e ects to control for time-invariant country-speci ¢ character-
istics
is the error term
is the cumulative standard normal distribution function

Uhjj

()

Robust standard errors and survey weights are used. Applying a probit regression, we estimate
how marginal changes in the independent variables (household, socioeconomic, livelihoods, infras-
tructure and farming operations characteristics) a ect the probability of using a given asset.

While this provides valuable insights into the correlations between household socioeconomic
characteristics and the use of agricultural assets and inputs, it is important to acknowledge its
limitations. The model does not fully account for potential non-linear e ects or unobserved het-
erogeneity, which could in uence asset use. Additionally, endogeneity and measurement error
in key variables, such as farm size or income, may a ect the precision of our estimates. Despite
these challenges, the results remain informative in highlighting signi cant patterns and correlations
within the data.

7Other control variables that were considered but excluded due to data availability and limitation are: access to
credit, access to extension services, distance variables, type of crops cultivated by the household.
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Role of selected inputs on crop income

Given that this study aims at examining the drivers of using productive assets and inputs and the
impact of their use on crop income per worker, we represent the outcome equation as follows:

Qj = Xij + Yj +uj (1.3)

Where Q; refers to annual crop income (normalized for all countries, at 2017 PPP USD) divided
by the number of household members aged 15-64 for the household (crop income per workér)
in country j. As explained above,Y; is as de ned earlier the vector of assets/inputs useX; is a
vector of explanatory variables andujj is the error term assumed to be uncorrelated both with
Xi and Y;. The parameter captures the impact of asset/input use on crop income outcomes.
However, estimating the impact of assets/inputs use using Eq. 1.3 likely results in biased estimates
because it assumes that faming households decision to use inputs is exogenous. On the contrary,
it is quite plausible that input/asset use is endogenous because the decision of using implements is
non-random and self-determined, and households that decide using inputs may be systematically
di erent from those that do not use them. Moreover, factors that are not observable and in uence
the decision to use inputs may also in uence the outcome related to crop income, leading to in-
consistent estimates for the parameters and

Di erent techniques have been used to account for endogeneity due to observable and unob-
servable factors, such as propensity score matching, Heckman selection, instrumental variables.
For our study, we employ an extended linear regression model (ERM) that accommodates for en-
dogenous treatment (in our case, in the use of assets and inputs) (LLC, 2021; Wooldridge, 2014)
and has been employed in recent applied economics studies (Aremu and Reynolds, 2024; Issahaku
et al., 2023; Lee et al., 2024). In this model the crop income outcome of households is speci ed in
two possible scenarios:

Scenario 1: Qij 1= 1Xij + Ujj 1 if Yij =1 (1.4)

Scenario 2: Qij 0= OXij + Ujo if Yij =0 (1.5)

Where Qj 1 and Qj ¢ are the crop income outcome variables for users and non-users respec-
tively. Xj is a vector of the aforementioned farm and household-level characteristics. The ERM
model is speci ed and estimated in two stages. The concept of the endogenous treatment e ects
model has its roots in Heckman (1978, 1979) who laid the foundation for modeling sample selection
and addressing issues related to selection bias in non-randomized studies. The endogenous treat-
ment e ects model shares similarities with Heckman's model in that it employs a two-step sample
selection approach. However, there is a key distinction: unlike Heckman's model, the endogenous
treatment e ects model incorporates a dummy variable representing the treatment condition (e.g.,

Y = 1 if an asset/input user, and Y = 0 otherwise) into the outcome equation. Additionally, it
observes continuous outcome variables (in this case crop income per worker) for both the treated
(Yi =1) and untreated (Y; = 0) units. In the ERM rst stage, the household decision to use the as-
sets/inputs is speci ed as a conventional binary choice model. The focus of this stage is to identify
the factors such as household and farm-level characteristics associated with the assets/input use
decision. In the second stage, a crop production equation is speci ed, controlling for the potential
endogeneity associated with assets/input use. The equations involved in the two stages can be
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speci ed as follows:

First stage: Yj = i+ 1 X1 + Uj (1.6)

Second stage: Q; = X + Yj + Uj .7)

In particular,  captures the direct e ect of asset/input uses on the value of crop income per
worker (in US$). Following this approach, we model a rst stage equation is modelled using a probit
model, while the second stage uses a Maximum Likelihood Estimator (MLE) to estimate the en-
dogenous treatment e ect of asset/inputs accounting for their non-random assignmerit. The asset
eect Qj1 Qjoisthe dierence in the outcome for household i with and without asset/input use.

The Potential Outcome Mean (POM) of crop income for households who used the asset/inputs
and those who did not is:

POMij 1= E(Qij 1) = EfPOMij 1(Xi)g (18)

The outcome e ect of the asset user is calculated as the average treatment e ect ATE:

ATEjj1=E(Qj1 Qjo)= EfTEj1(xi)g (1.9)

POM represents the anticipated outcome that each household would have experienced had they
been assigned to either treatment group. The ATE denotes the impact of using inputs/assets on
these outcomes.

1.4 Results

1.4.1 Country level asset ownership and input use by agricultural value
added per worker

Land and livestock

We start by presenting estimates of farming households' levels of asset ownership and input
use by country. We begin with land, looking at two di erent measures, land ownership and farm
area cultivated by the household (see Table Al for de nitions). Access to land is an important
endowment for households' livelihoods in developing countries. Land holds direct value in agricul-
tural production and can be utilized for di erent agricultural purposes. Its secure access is critical
for agricultural production and income (Winters et al., 2009) and has been associated to poverty
reduction in several contexts (Lipton, 2009). Additionally, it may have indirect value in other
economic activities, serving as collateral for credit, or enabling income diversi cation. Land can
also play a risk-management function (Dercon, 2002). The size of farms also matters, with larger
farm sizes appearing as a major determinant of food self-su ciency and household ability to rise
above the living income threshold (see Giller et al. (2021) for SSA). In terms of economic activities,
Winters et al. (2009) nd an association between larger land size and agricultural production and
a negative association with both agricultural and non-agricultural wage employment, especially

8\We use the Stata command eregress which estimates the extended linear regression for continuous outcomes,
specifying the entreat option to account for the fact that the use of assets/inputs is non-random and endogenous.
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in Asia, holding across di erent levels of structural transformation, also found by Admasu et al.
(2025).

As expected, most farming households access land (second column in Table 1.3), with rates
exceeding 90 percent in nearly all countries examined (excluding Pakistan, Ghana, Nicaragua, and
Mongolia). However, Table 1.3) also shows some di erences across landownership and level of
relevance of the agricultural sector in the economy. Land ownership is less prevalent overall with
respect to land available for farming (farm area), and with several countries with a low share of
farm households with tenure rights , di erence particularly marked in Malawi. This may re ect
the nature of the Malawian customary tenure arrangements, which provide widespread access but
without formal ownership rights (FAO, 2022a). Table 3 also shows di erences between the average
size of land owned and the average size of farm area (in hectares), suggesting that households might
have access to farming land through di erent or even weaker tenure rightd. In all countries, most
households farm more land than they own. These di erences between levels of land owned and
farmed are less visible in the low AVA/PW countries. Land ownership tends to be concentrated
among the top quintile of landowners (see fth column of Table 3 and Table A2 in Annex 1), with
the top 20 percent owning more than 40 percent of land in all countries surveyed, and exceeding
50 percent in ten out of 16 countries. In contrast, the bottom quintile holds less than ve percent
of agricultural land in all countries surveyed, except Ghana.

Livestock constitutes a signi cant and prevalent asset across developing countries, as observed
in our sample. In countries with low agricultural AVA/PW, a minimum of 40 percent of farming
households are identi ed as owning some livestock, with Ethiopia recording the highest ownership
rate at 88 percent. Nonetheless, there exists variability in livestock ownership within countries
across agricultural productivity levels. There is a notable consistency between land ownership and
livestock ownership across the surveyed countries. Speci cally, nations where households exhibit
higher percentages of land ownership also tend to have high percentages of households owning
livestock. The quantity of livestock owned, as measured by Tropical Livestock Units (TLU)X,
typically falls below three in many countries, indicating smaller livestock holdings including a
prevalence of small-scale backyard livestock, such as chickens and goats. Conversely, countries
with elevated TLU values are often associated with pastoralism and livestock rearing, such as
Niger (Pica-Ciamarra and Tasciotti, 2018), Mali (Amprako et al., 2020), and Mongolia (Kakinuma
et al., 2024; Baroni et al., 2016).

Access to productive inputs is another key factor for households that depend on farming ac-
tivities for their livelihoods. Table 1.4 shows farming households' use of productive inputs by
country's level of AVA/PW. Looking at our sample of household across the various countries, the
input that is most utilized (from those analysed) is inorganic fertilizers (41 percent)!!, followed

9Tenure rights refer to the range of legal rights or claims households hold over land, a ecting their control,
use, and transferability. In the harmonized RuLIS database, there are no variables on the speci c forms of tenure
rights. However, the observed dierence between land owned and farm area suggests some households access
additional land through mechanisms like sharecropping or renting. These arrangements typically o er weaker tenure
rights compared to full ownership, with potential limitations on long-term security, decision-making autonomy, and
investment incentives.

10The conversion factors applied by RulLIS to compute TLU are the following. Africa South of Sahara, Pakistan
and Mongolia: large ruminants 0.5, small ruminants 0.1, pigs 0.2, poultry 0.01, equine 0.45. South America: large
ruminants 0.7, small ruminants 0.1, pigs 0.25, poultry 0.01, equine 0.5.

11This gure, along with specic country-level estimates, aligns with Sheahan and Barrett's (2017) ndings in
their sample of six SSA countries. Their study also estimates organic fertilizer use, averaging 29 percent across their
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Table 1.3: Farming households that own land, operate farmland, land concentration and livestock
holdings, by level of agricultural value added per worker.

Share of farm households Land

that Hectares (average) concentration Livestock
Country Own land fgreslr:r:?i OI“,?:S d Faar:arz It_r?: (:O?)W;()e(g) ?f/ Iivt(a)s‘f(\;nc: r(\()%) Iji—\r/gzlt_‘(:)?:lk
land owners (%) Unit

Malawi 2020 211 98.6 0.1 0.7 47.6 46.0 0.55

Rwanda 2014 89.0 97.9 0.5 0.6 61.5 61.2 0.66
> Niger 2014 72.1 98.7 3.2 5.0 52.7 79.3 9.68
% Uganda 2014 87.2 100.0 0.7 11 455 70.9 1.14
;( United Republic of 79.2 99.8 13 17 56.9 62.6 2.95
S Tanzania 2015

Ethiopia 2019 96.2 100.0 0.9 11 52.5 87.6 2.46

Cameroon 2014 80.3 98.7 1.6 19 51.1 40.4 1.38

Mali 2017 93.9 99.6 6.6 6.9 52.4 81.4 4.96

Georgia 2016 98.7 98.5 0.6 0.6 41.3 73.2 1.87
§ Burkina Faso 2014 78.6 99.7 2.7 3.6 477 n/a n/a
z Sierra Leone 2018 n/a n/a n/a n/a 49.5 71.6 0.55
% Pakistan 2014 61.9 82.4 1.0 3.2 64.8 125 1.13
2 Nicaragua 2014 29.3 48.1 24 2.8 44.3 n/a n/a

Ghana 2017 52.6 84.7 1.2 1.9 64.1 36.6 1.07

Peru 2019 79.1 100.0 13 1.6 67.4 n/a n/a
E Guatemala 2014 n/a 100.0 n/a 0.9 66.5 37.3 0.60
;;( Ecuador 2014 96.9 93.1 2.7 2.8 47.6 n/a 4.59
_'E: Mongolia 2018 61.3 34.9 11 2.6 n/a 64.8 23.98

Nigeria 2019 75.6 97.3 12 15 56.5 55.3 1.70

Notes: AVA/PW stands for agricultural value added per worker. Sample of farming households only. Survey
weights applied. Average land owned and farm area is not conditional on owning or farming land respectively.
n/a= not available. Source: Author's own elaboration based on FAO 2023. Rural Livelihoods Information
System (RuLIS).

by agrochemicals (36.5 percent), improved seeds (22 percent), water control (20.5 percent) and
mechanized equipment (18.4 percent). Contrary to expectations, we don't observe clear-cut trends
across AVA/PW for all inputs, partly due to variations in country data availability for some inputs

(i.e. seeds and water control).

sample, with a range from 3.4 percent in Nigeria to 66 percent in Ethiopia.
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Table 1.4: Farming households use of productive assets and inputs, by level of agricultural value
added per worker.

Share of farming households using inputs and tools

Country Fertilizers Agrochemicals Mechanized Water Improved
equipment control seeds
Malawi 2020 66.8 13.2 4.8 135 26.9
Rwanda 2014 35.8 28.8 0.9 12.6 19.3
= Niger 2014 20.7 8.5 1.5 0.0 4.4
o
;;( Uganda 2014 10.7 14.2 13.9 15 225
§ United Republic of 17.1 16.6 19.8 29 48.4
Tanzania 2015
Ethiopia 2019 61.3 32.6 13 8.3 36.6
Cameroon 2014 46.1 49.0 25 n/a 28.3
Mali 2017 45.7 32.0 3.1 11.3 31.1
Georgia 2016 n/a 13.8 7.0 n/a 185
§ Burkina Faso 2014 457 35.5 4.8 0.8 n/a
Z Sierra Leone 2018 10.5 2.6 0.8 n/a n/a
S
E Pakistan 2014 na 94.9 na 68.3 na
Nicaragua 2014 n/a n/a 3.7 n/a n/a
Ghana 2017 26.7 58.2 26.2 0.7 n/a
Peru 2019 n/a 48.1 n/a 47.7 n/a
E Guatemala 2014 70.6 50.9 46.3 n/a n/a
<2>( Ecuador 2014 35.8 42.3 39.0 n/a n/a
% Mongolia 2018 9.8 12.4 8.7 175 2.2
Nigeria 2019 42.9 48.6 23.2 28.5 32.4
Sample mean 41.0 36.5 18.4 20.5 22.4

Notes: Sample of farming households only. Survey weights applied. n/a= not available. AVA/PW stands for
agricultural value added per worker Source: Author's own elaboration based on World Bank. 2024. Databank:

World Development Indicators.

Fertilizers

Fertilizers are key to replenish soil nutrients, and fertilizers played, together with improved
seeds, a vital role in driving the Green Revolution, contributing up to for 50 precent of productivity
gains experienced during this period in Asia (Anderson et al., 1985; Tomich et al., 1995, 2018).
According to a World Bank report (Morris et al., 2007), low fertilizers use is one of the major
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factors explaining lagging agricultural growth in agricultural productivity in Africa relative to
other regions‘?.

The countries with the highest share of households using fertilizers in our sample are Guatemala
(71 percent), Malawi (67 percent), and Ethiopia (61 percent). A common thread among these coun-
tries is the presence of policies and subsidies aimed at promoting fertilizer use, underscoring the
role of supportive government initiatives in boosting usage rates. Interestingly, Malawi stands out
for exhibiting the lowest agricultural productivity in the sample, followed closely by Ethiopia.

Agrochemicals

A discernible trend emerges in the utilization of agrochemicals, indicating an increasing, albeit
non-linear, pattern. Agrochemicals can support crop yields by protecting crops from pests, diseases
and weeds, estimated to cause about 30 percent of crop losses (Oerke and Dehne, 2004). How-
ever, the exposure to pesticides and fertilizers has also been associated with detrimental human
health and environmental e ects, including severe and long-term e ects (Priss-Ustun et al., 2016;
UNEP, 2022). In response to these concerns, there is a growing advocacy for reducing the use of
these chemicals to mitigate health risks and curb greenhouse gas emissions and water pollution.
Gerten et al. (2020) argue that the solution lies not in a blanket reduction of usage globally, but
rather in addressing the disproportionate use across speci ¢ countries, and across farms/farming
systems as well. While application of these chemicals is excessive in countries like China, India,
the United States, and Europe, access and usage e ciency can be improved in contexts such as
Bangladesh, Indonesia, Mexico, Northeast Brazil, and sub-Saharan Africa. Davis et al. (2022)
assert that reducing inequality in access and simultaneously enhancing e ective utilization would
be key to fostering an inclusive transformation of the food system.

The use of agrochemicals is generally small in low productivity countries and increases with
AVA/PW, peaking in the set of countries categorized as medium AVA/PW, with Pakistan house-
holds leading on its use followed by Ghana and Guatemala. The use of agrochemicals in Pakistan
has steadily increased since 1989, following the privatization of pesticide companies, leading to
exponential growth in imports and usage (Tariq et al., 2007). However, as in many countries, pes-
ticides in Pakistan are often sold without adequate training on their e ective and safe use (Elahi
et al., 2019). Consequently, the expected e ciency gains from increased agrochemical usage have
not kept pace with their rising consumption. At the same time, harmful e ects on human health
have been widely reported (including skin and eye irritation, headaches, nausea, dizziness, diar-
rhoea, vomiting, and more severe conditions such as cancer, asthma, diabetes, and other health
complications) (Elahi et al., 2019).

Mechanized equipment

Other important assets include di erent types of machinery for agricultural production. Mech-
anization, especially motorized ones, has the potential to transform rural livelihoods by improving
productivity and reallocating labour to other agricultural tasks or nonfarm income activities. It
has the potential to address labour constraints in agriculture, minimize drudgery in farming op-

12while it is preferable to increase the utilization of organic fertilizer alongside inorganic fertilizer, the general
agreement among agronomists and soil scientists is that only a limited number of African farmers can rely solely on
organic fertilizer to sustain soil fertility levels amid the intensi cation of production (Morris et al., 2007)
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erations, expand farm sizes in case of available land, and facilitate increased intensi cation in
labour-intensive farming activities (Diao et al., 2020; FAO, 2022b).

Data on the use and ownership of mechanization is limited, but available data indicates that use
of mechanization has been increasing, though at an uneven pace across and within countries. As
an example, levels of tractor us&® per hectare of land in Europe, North Africa, Western Asia, and
North America have steadily grown since the 60's and as of 2000 more than 20 tractors are used
per 1 000 hectares in most regions, with Latin America nearly reaching this threshold. In contrast,
Sub-Saharan Africa remains the only region where there has been no growth in mechanization since
the 1960s (FAO, 2022b). Until recently, in SSA widespread adoption of agricultural mechanization
has been con ned to specic regions, largely on large-scale commercial farms (Diao et al., 2016)
while generally agricultural production predominantly relies on human power (FAO, 2022b; Kirui,
2019). Reliance on human power in certain regions, particularly SSA, could be explained by
some key constraints to mechanization, such as small and fragmented farms, prohibitive costs for
smallholder farmers and lack of supporting infrastructure (Baudron et al., 2015).

Ownership of mechanized equipment which is survey speci ¢ and includes assets such as trac-
tors, tractor ploughs, ridgers, cultivators, generators, motorized pumps, grain mills, and others
is limited in most countries. Only in six countries, 20 percent or more of farming households own
any of these assets, with Burkina Faso, Ecuador, Guatemala and Mali showing higher averages.
These ndings suggest that farms run by households, as captured by household surveys, mostly op-
erate with (wo)manpower or livestock which might also be driven by lack of mechanization services.

Improved seeds

A limited number of surveys (ten countries in our sample, all in Sub-Saharan Africa) collected
information on the use of improved seeds. Their use remains limited within farming households in
the continent, and regardless of the level of importance of the agricultural sectdf*. Ethiopia (37
percent) and Tanzania (46 percent) show higher rates of improved seeds use, likely due to both
cultivation of speci ¢ crops and potentially by stronger policies in place. For instance, in Ethiopia
and Tanzania, large government initiatives for technology adoption in maize are well known (Ariga
et al., 2019; Sheahan and Barrett, 2017). Estimates from the Di usion and Impact of Improved Va-
rieties in Africa (DIIVA) Project show that in Tanzania, close to 50 percent of land cultivated with
pigeon peas and 38 percent of land cultivated with sorghum and in Ethiopia, up to 43 percent of
land under beans, and 28 percent under maize is cultivated with modi ed varieties (CGIAR, ated).

Adoption of high quality, locally adapted and a ordable seeds has been positively associated
with agricultural productivity and farmers' incomes by means of increasing nutrient use e ciency
and improving plant immunities (Bezu et al., 2014). The adoption of improved seeds, together with
fertilizers and irrigation, were at the heart of Asia's Green Revolution (Hazell, 2009). Enhanced
crop varieties can lead to increased crop productivity, elevating farmers' incomes and directly con-
tributing to poverty reduction. Additionally, both households that adopt these improved varieties
and those that do not can experience indirect bene ts such as more employment opportunities,
higher wages, and reduced food prices due to the overall increase in agricultural production re-

13 Tractor use is provided as an example for mechanized equipment, as it is the asset with the most reliable global
data coverage (FAO, 2022a)

14We acknowledge that the use of improved seeds may vary by crop type; however, our analysis examines adoption
at the household level, irrespective of the speci c crops cultivated.
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sulting from the adoption of improved varieties (Garbero et al., 2018). A systematic review found
evidence linking fertilizers and seed subsidies to increased use of inputs, but also, to higher agri-
cultural yields and incomes among farm households (Hemming et al., 2018). Yet, the increased
use of inputs also raises concerns regarding the environmental impact. Speci cally, the use of
fertilizers is linked to heightened greenhouse gas emissions, stemming from both production and
transport processes. Among the various stages of the food system, the production stage (which
includes crops, livestock, shing, aquaculture, as well as emissions from production inputs) bears
the greatest responsibility for emissions, contributing to 39 percent of total food system emissions
(Crippa et al., 2021).

Water control

Access to water and water control® technologies for irrigation (see Sheahan and Barrett (2017))
is another critical aspect for agricultural production. Some studies have estimated that irrigated
agriculture is on average at least twice as productive per unit of land compared to rainfed agricul-
ture (Fuglie, 2008). Investment in irrigation technologies has also been associated with increased
agricultural incomes (Hussain and Hanjra, 2004) and poverty reduction (Huang et al., 2005). The
Green Revolution's success in boosting agricultural productivity, particularly in Asia, was largely
driven by irrigation, which created favourable conditions for the widespread adoption of high-
yielding seed varieties (Pingali, 2012). However, the adoption of irrigation in developing countries
faces several constraints. Barriers such as high costs, limited credit, and poor infrastructure hinder
smallholder farmers' investment in irrigation. Technological adoption is further constrained by lack
of awareness, inadequate support services, and maintenance challenges (Nakawuka et al., 2018).

Data availability about use and sources of water for irrigation is also very limited in household
surveys. This information is only available in the SSA countries, which tend to have richer agricul-
tural modules in household surveys thanks to the LSMS' Integrated Surveys on Agriculture (ISA),
and in Pakistan and Peru, two countries with important irrigation presence. Across the 11 SSA
countries we nd that access to any mean for water control is quite low. In Pakistan, 68 percent
of farming households use some form of water control, a gure supported by the extensive Indus
Basin Irrigation System (IBIS) which is considered the world's largest contiguous irrigation system
(Basharat, Umair Ali and Azhar, 2014). Peru also shows a high average of almost 48 percent of
farming household using water control which could be attributed to the national irrigation policies
implemented since 2003 (Politica y estrategia nacional de riego en Peru).

ICTs

Finally, we also look at the information available in the RuLIS database regarding communi-
cation technologies. In the context of agriculture, several studies nd that their use is e ective in
the provision of faster, cheaper and better-quality advisory services (Camacho and Conover, 2019),
and that these are associated to a higher probability of farmers purchasing the recommended input
and increased yields (Fabregas et al., 2019). They also play a role in improving input and market
linkages for farmers and reduce information asymmetries about prices which are likely to positively
in uence farmers' pro ts and incomes (Aker and Ksoll, 2016; Nakasone et al., 2014).

15 Consistently with (Sheahan and Barrett, 2017), we refer to irrigation as water control, de ned as the use of
additional water used in agriculture to supplement rainfall.
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Unfortunately, few countries report beyond ownership of a cell phone, or internet access at
most. Given the rapid pace of technological advancement (probably faster than the other assets
included in the study), the data presented in Table 1.5 may no longer re ect the current state of
access to these technologies. In most countries (15 out of 19), at least 60 percent of the farming
households had access to a cell phone at the time the survey was conducted. Ethiopia and Malawi,
featuring some of the most recent surveys in the sample, show the lowest average access to cell
phones, compared to the other countries. This limited access can also be attributed to access to
electricity, which reaches less than half of the farming population in Ethiopia and only 6 percent
in Malawi. In terms of internet, higher access by farming households is observed only in a few
of the countries that provide this information, with Malawi showing the highest prevalence. The
discrete coverage of cell phones on the one hand may point to infrastructural shortcomings, but
on the other it could imply opportunities for reaching farmers through access to extension and
early-warning mechanisms.

Overall, ndings on access to assets suggest, rst, a persistent limitation in the available in-
formation on family farming systems. Second, it also shows few dierences in terms of access
to productive assets amongst farming households in di erent developing countries, regardless of
the di erent levels of agricultural productivity. Farming households in the sample, which tend to
work in small plots of land, not only operate mostly with (wo)manpower and livestock, but also,
continue to have low utilization of several essential inputs and access to reliable water sources to
ensure crop production and increase agricultural income. In the following section we look at these
trends, looking for potential inequalities, before assessing the correlates for access.
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Table 1.5: Farming households use of information and communication technologies and access to

electricity.
Country Cell phone Internet Electricity

Malawi 2020 45.6 61.2 5.9
Rwanda 2014 60.8 6.1 12.9
Niger 2014 66.8 0.4 6.0
Uganda 2014 67.4 0.1 12.0
United Republic of Tanzania 71.4 n/a 8.3
2015
Ethiopia 2019 39.7 n/a 40.7
Cameroon 2014 65.9 2.2 39.2
Mali 2017 80.0 n/a 10.3
Georgia 2016 85.0 12.9 100.0
Burkina Faso 2014 78.4 0.2 9.1
Sierra Leone 2018 55.5 n/a 10.7
Pakistan 2014 n/a 2.0 88.1
Nicaragua 2014 87.8 1.3 73.1
Ghana 2017 88.1 27.2 71.4
Peru 2019 85.8 22.3 87.0
Guatemala 2014 75.0 1.0 70.2
Ecuador 2014 85.8 7.8 98.6
Mongolia 2018 97.1 26.6 100.0
Nigeria 2019 93.7 36.7 44.6

Notes: Sample of farming households only. Survey weights applied. n/a= not available. Source: Author's own
elaboration based on World Bank. 2024. Databank: World Development Indicators.

1.4.2 Distribution of asset ownership and input use

In the following sections, we disaggregate assets and input use statistics at the household level,
exploring a range of characteristics that are commonly associated with input use, namely levels
of welfare (proxied here with consumption per capita), crop income specialization, and gender
(proxied here with the sex of the household head). A t-test is employed to determine whether mean
di erences among these groups are statistically signi cant. While these statistical associations do
not control for other in uencing factors or account for endogeneity, they provide a preliminary
basis for assessing potential inequalities in access and ownership of productive assets.

Country level asset ownership and input use by expenditure quintiles

Table A3 and Figure 1.1 examine the statistically signi cant di erences in mean agricultural land
owned and farm area, comparing per capita consumption between the lowest ( rst) and highest
( fth) quintiles to uncover disparities linked to economic status. We nd that in half of our sample
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of countries, farming households in the highest expenditure quintile own more agricultural land on
average, than farming households in the lower quintiles. In most countries, however, the di erence
in the quantity of land owned between the poorer and better-o households, is not very large in
absolute terms, re ecting small size of land generally, but relatively large in some cases (Mongolia
and Peru). The largest di erence between groups that own land is in Niger, where there is an
average di erence of one hectare between the rst and fth quintiles, with households in the lowest
quintile having more land. The small di erences between groups in our study is a noteworthy result,
indicating that the pronounced disparities in farmland ownership reported globally may not extend
within the farming household population. Instead, these disparities might be more pronounced
between large commercial farms and smaller farming households, highlighting a distinct division in
agricultural land distribution (Cabrera et al., 2025). In terms of farm area operated by households,
in countries characterized by low productivity (AVA/PW), there is a tendency towards a relatively
higher farm areas for wealthier households compared to poorer households, although di erences in
size are small. We nd this pattern in four (Malawi, Rwanda, Niger and Ethiopia) out of seven
countries (three of these di erences are statistically signi cant see Table A3) for coe cients).
Conversely, in four (Burkina Faso, Pakistan, Nicaragua, Ghana) out of ve countries with medium
AVA/PW, poorer households show larger farm sizes (signi cant in all countries). Two out of ve
countries with higher AVA/PW do not show any di erences among the groups (Guatemala and
Ecuador), while the di erence in size is marked in in Mongolia with 3 hectares of land on average
for the richest households against less than one hectare for the poorest quintile. The observed
trends, though not fully clear, may imply that in countries with low productivity and at earlier
stages of transformation, farming households generally have access to similar resources. As these
countries undergo transformation and productivity rises, we hypothesize that wealthier households
may diversify into o -farm activities, thereby reducing their reliance on land and a shift in land
access needs as economies evolve and diversify.
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Figure 1.1: Farming households' average land owned, and average farm area operated, categorized
by household per capita consumption quintiles ( rst and fth)

a) Land owned b) Farm area operated

Notes: Farming households only. Countries ordered by increasing level of agricultural value added" "per worker.
UR = United Republic. Stars indicate the signi cance levels in the di erence of means (*** p<0.01, **

p<0.05, * p<0.1). Source: Authors' own elaboration based on FAO. 2023. Rural Livelihoods Information System
(RuLIS). [Accessed on 27 February 2024]. https://www.fao.org/in-action/rural-livelihoods-dataset-rulis/en/.

Figure 1.2, Figure 1.3 and Figure 1.4 show the share of households that use productive assets
and inputs in the poorest and the wealthiest groups. As expected, households in the top quintile
of the consumption distribution have, on average, higher use of productive assets and inputs. This
is visible in most countries, except for some that are classi ed as having medium productivity. For
fertilizers, we nd higher use for the highest quintile across nine of the 13 countries analysed, all
of which exhibit statistically signi cant di erences (see Table A4). Speci cally, six out of seven
countries with low productivity (all except Cameroon), two out of three in medium productivity
countries (Burkina Faso and Sierra Leone) and one out of three in high productivity countries
(Guatemala) demonstrate this trend. Regarding agrochemicals, signi cantly higher use is found
in 12 of the 17 countries assessed. This trend is observed in all countries except one in low pro-
ductivity (Cameroon); in all countries except one in medium productivity countries (Ghana) and
three out of ve high productivity countries (Guatemala, Mongolia and Peru).

In terms of ownership of mechanized equipment, households in the highest quintile have on
average more ownership, in nine of the 16 countries examined. This trend is consistent for all
countries of low and medium productivity levels (except for Burkina Faso). Conversely, in high
productivity countries, we nd only two statistically signi cant cases: Guatemala where we also
nd the same trend as per the other groups, and Nigeria where more households in the lowest
quintile own mechanized equipment.
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The use of water control is predominant among wealthier households in all countries where
this statistic is signi cant, except for Nigeria and Pakistan. A signi cant trend is observed mostly
among low productivity countries (a signi cant di erence in four out of ve cases), while for the
other categories there are important data gaps. Similarly, the use of improved seeds is also ob-
served more frequently in high income households in low productivity countries, while there is no
signi cant di erence for the two countries with medium productivity levels. In high productive
countries, the usage of improved seeds is signi cantly higher for one country. Some exceptions to
the general trend include Nigeria, where farming households in the poorest group report higher
access/use of fertilizers, agrochemicals, and mechanized equipment. In Ghana, the poorest house-
holds show higher access to fertilizers, while for the other inputs, the di erences between groups
are not signi cant. In Pakistan, the poorest households report more access to water control tech-
nologies. Finally, in Cameroon, we also observe that the poorest households report higher use of
fertilizers and agrochemicals, on average. Some of these exceptions could be explained by geo-
graphic factors; for instance, in Pakistan, households along the IBIS particularly in regions such
as Sindh and Punjab are among the most asset-poor in the country (Ullah and Chishti, 2023) yet
benet from proximity to established water control systems. Ghana reintroduced input subsidies
in 2008 through the Fertilizer Subsidy Program (FSP), which, from 2013, speci cally targeted
farmers with 2 hectares or less (Pauw, 2022). In 2017, the program was transformed into the
'Planting for Jobs' initiative, which continued and expanded the scope of the previous program.
The Government of Nigeria implemented the Growth Enhancement Support Scheme (GESS), a
subsidy program with targeting criteria based on farmers' socioeconomic characteristics, farm size,
and other factors (Michael et al., 2018).

Overall, Figure 1.2, Figure 1.3 and Figure 1.4 provide stark evidence on both low endowments of
productive resources and inequalities across the welfare distribution among farming households in
developing countries. Disparities exist in access to and utilization of productive resources, espe-
cially in low productivity countries. Considering the critical role of the agricultural sector in these
countries and given that the poorest segments within these contexts are also among the poorest
globally, their limited access to productive inputs is of critical concern (Bezu et al., 2014; Snapp
etal., 2014). It also points to the urgent need to address their income opportunities with alternative
income generating activities, outside farming. The variability in inequality observed in medium
and high productivity countries suggests that access to productive assets might be in uenced by
the availability of alternative income-generating activities. This implies that for households with

a more diversi ed income portfolio outside of agriculture, more commonly found in countries at
higher productivity levels, accessing productive assets is less critical as they can count on various
sources of income other than crop income. This nding highlights the nuanced role of productive
assets in the economic dynamics of households with higher levels of income diversi cation (Davis
et al., 2010; De la O Campos et al., 2023). This is more clearly seen in the next section.
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Figure 1.2: Use of fertilizers and agrochemicals by farming households, categorized by household
per capita consumption quintiles (rst and fth).

a) Use of fertilizers b) Use of agrochemicals

Notes: Farming households only. Countries ordered by increasing level of agricultural value added per worker.
UR = United Republic. Stars indicate the signi cance levels in the di erence of means (*** p<0.01, ** p<0.05, *
p<0.1).Source: Author's own elaboration based on FAO 2023. Rural Livelihoods Information System (RuLIS).
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Figure 1.3: Ownership of mechanized equipment practice of water control by farming households,
categorized by household per capita consumption quintiles (rst and fth).

a) Ownership of mechanized equipment b) Practice of water control

Notes: Farming households only. Countries ordered by increasing level of agricultural value added per worker.
UR = United Republic. Stars indicate the signi cance levels in the di erence of means (*** p<0.01, ** p<0.05, *
p<0.1).Source: Author's own elaboration based on FAO 2023. Rural Livelihoods Information System (RuLIS)
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Figure 1.4: Use of improved seeds by farming households, categorized by household per capita
consumption quintiles (rst and fth).

Notes: Farming households only. Countries ordered by increasing level of agricultural value added per worker.
UR = United Republic. Stars indicate the signi cance levels in the di erence of means (*** p<0.01, ** p<0.05, *
p<0.1).Source: Authors' own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS).
[Accessed on 1 September 2022]. https://www.fao.org/in-action/ rural-livelihoods-dataset-rulis/en/ .
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