























& Preface

To nourish and sustain current and future generations, there is an urgent need for a
development path towards sustainable agriculture. This pathway must not only ensure
increasing output. It must also make more ef cient use of increasingly scarce global
resources, be resilient to and help mitigate climate change, and improve human well-being.

Progress towards sustainable agriculture is essential for achieving the Sustainable
Development Goals (SDGs) that underpin the 2030 Agenda for Sustainable Development.
Agriculture remains the main source of livelihood for the majority of the world’s poor
and hungry. Making agriculture more sustainable — productive, environmentally friendly,
resilient and pro table - is fundamental to ending poverty and hunger (SDGs 1 and 2), and
promoting decent work and economic growth (SDG 8). Moreover, given the current impact of
agriculture on the degradation of environmental resources, a more sustainable agriculture is
key to improving the availability of clean water (SDG 6), promoting sustainable consumption
and production (SDG 12), and ghting land degradation and loss of biodiversity (SDG 15),
among others.

The global vision for a sustainable agriculture that achieves these interrelated goals is
articulated in SDG 2, which calls for the global community to “end hunger, achieve food
security and improve nutrition, and promote sustainable agriculture”. Under SDG 2 Target 4,
the global community has set speci c goals for achieving a more sustainable agriculture:
“by 2030, ensure sustainable food production systems and implement resilient agricultural
practices that increase productivity and production, that help maintain ecosystems, that
strengthen capacity for adaptation to climate change, extreme weather, drought, ooding
and other disasters and that progressively improve land and soil quality.” The SDG indicator
2.4.1 seeks to measure progress towards Target 4 in terms of the “proportion of agricultural
area under productive and sustainable agriculture.” Productive and sustainable agriculture
has been de ned holistically through a global consultative process, leading to the approval
of 11 sub-indicators that seek to capture the complexities of the economic, environmental
and social dimensions of sustainable agriculture. Through this holistic approach, indicator
2.4.1 can be used by countries to monitor progress towards sustainable agriculture with just
and socially equitable agricultural systems that conserve and regenerate natural resources,
while providing farmers a decent standard of living and producing enough food to feed
growing populations.

The Food and Agriculture Organization of the United Nations (FAO) is the custodian of
SDG indicator 2.4.1, and works directly with its Member Countries to develop the complex
data collection systems to monitor and report its sub-indicators, and to design development
strategies to achieve a more sustainable agriculture. The 11 sub-indicators that comprise
SDG indicator 2.4.1 require the development and implementation of farm surveys for
effective data collection. FAO is currently working with its Member Countries to develop the
required data collection systems, with results expected over the medium to long term.

While SDG indicator 2.4.1 progresses on the data front, the international community
must continue advancing the global sustainable agriculture agenda. The Progress towards
Sustainable Agriculture initiative (PROSA) is a framework that seeks to complement ongoing
efforts on SDG indicator 2.4.1 and to support country-level assessments using data already
available at national level. The PROSA indicators follow the SDG indicator 2.4.1 framework
as closely as possible, to compare countries’ progress across economic, environmental and
social dimensions of sustainable agriculture using the breadth of data available at FAO and
reported by Member Countries.
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€ Executive summary

Sustainable Development Goal (SDG) 2 calls for global action to “end hunger, achieve
food security and improved nutrition, and promote sustainable agriculture”. Meeting this
challenge requires global partnerships to support more productive, nutritious and
equitable food systems, while helping to conserve environmental resources and reduce
the greenhouse gas (GHG) emissions responsible for global climate change. The Food
and Agriculture Organization of the United Nations (FAO) offers a global vision for a more
sustainable agriculture that encompasses economic, social and environmental dimensions
of food and agriculture systems.

This technical study examines the key factors driving changes in trends in the
globally agreed upon indicators for sustainable agriculture and provides decision
makers with insights into viable options for achieving this goal. To monitor the
progress towards sustainable agriculture, the global community has recently established
SDG target 2.4 and the associated indicator 2.4.1. Indicator 2.4.1 measures the share of
the land under sustainable agriculture. It is comprised of a set of sub-indicators associated
with the economic, social and environmental dimensions of sustainability, and includes land
productivity, farm pro tability, socio-economic resilience, soil health, water use, fertilizer
and pesticide risks, biodiversity, decent employment, land tenure and food security.

The studyidenti es vekeygroupsofdriversthatmostin uence these sub-indicators
globally. The ways in which each driver affects the multiple dimensions of sustainability
highlights the interconnections, synergies and trade-offs that must be managed in different
global contexts to achieve agricultural sustainability. The analysis contained in this report can
help decision makers operating in different country contexts to identify practical solutions to
ensure that their interventions contribute positively to a more sustainable agriculture.

Key ndings of factors driving changes in sustainable agriculture

i Demographic dynamics. Meeting the food needs of a growing and more af uent global
population is putting pressure on farmers to produce more, through land expansion,
intensi cation, or a combination of both. In many developing countries, growing rural
populations are accelerating agricultural land expansion and soil degradation. A lack
of jobs outside agriculture, particularly for youth, is increasing pressure on agricultural
land, and is reinforcing land degradation and low land productivity. Integrating job
creation and sustainable intensi cation strategies should be a key part of any approach
to make agriculture and livelihoods more sustainable.

i Farm size structure. Larger and more mechanized farms are generally more pro table,
due to key advantages in terms of economies of scale, returns to specialization, and a
greater ability to take risks with new farm management tools and technologies compared
to smaller farms. However, large and highly specialized farms must manage the long-
term environmental and economic sustainability of their production systems. Support to
more diversi ed large-scale farms through, for example, improved market linkages for
cover crops can improve their long-term environmental and economic sustainability.
Small, diversi ed farms can generate valuable environmental services and economic
resilience; however, they are often challenged by low levels of pro tability. Improving
the economic sustainability of small farms requires enhancing their access to scale-
appropriate mechanization, linking them to low-cost agricultural service providers
and supporting inclusion of more pro table commodities in their diversi ed systems.
This will require a mix of interventions including development of input and output
markets, risk management tools and quality control schemes.
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1 Introduction

The Progress towards Sustainable Agriculture (PROSA) initiative seeks to complement
ongoing efforts to monitor progress on SDG indicator 2.4.1 and to support country-level
assessments using national-level data that is already available. As part of this initiative,
this technical study examines in detail the key factors that are driving changes in the
indicators of sustainable agriculture, to provide evidence-based insights into the key actions
required to transition towards a more sustainable agricultural development pathway.

Productive and sustainable agriculture has been de ned holistically through a global
consultative process, leading to the approval of 11 sub-indicators that seek to capture
the complexities of the economic, environmental and social dimensions of sustainable
agriculture (Figure 1; FAO, 2019a). The PROSA indicators employed in this study follow the
SDG indicator 2.4.1 framework as closely as possible, to compare countries’ progress across
economic, environmental and social dimensions of sustainable agriculture using the breadth
of data available at the Food and Agriculture Organization of the United Nations (FAO)
and reported by its Member Countries.

€@ FIGURE1 The multiple dimensions of sustainable agriculture included
in PROSA
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Note: PROSA considers GHG emissions and land use change as additional indicators, under the
environmental dimension of sustainability in agriculture.

Source: FAO, 2019a.







2 A conceptual framework
towards assessing sustainability
In agriculture globally

KEY MESSAGES

To account for socio-economic and agro-ecological heterogeneity, countries are
grouped according to the variations in their key factor endowments, including
land, labour and capital.

The PROSA indicators enable the measurement and analysis of progress towards
sustainable agriculture in case of insuf cient data to measure the sub-indicators
of SDG indicator 2.4.1 directly.

A mixed-method approach has been developed — the PROSA Global Assessment —
that allows for identifying the key drivers of sustainable agriculture.

The ve driver categories are: demographic factors (population dynamics,
particularly related to demographic shifts and rural-urban changes); inequalities
in the distribution of income and access to resources (particularly, gender-
related inequalities); structure of the farming sector (average farm size, degree
of mechanization); integration of the agricultural sector into the global economy;
and composition of governmental support to the agricultural sector.

Two key challenges complicate the measuring and analysis of progress towards sustainable
agriculture at the global level. The rst is related to the tremendous socio-economic and
agro-ecological diversity that exists between and within countries. This diversity leads to
substantial variation in terms of the speci c actions that should be prioritized, the trade-offs
that must be managed and the sorts of challenges and opportunities that exist when charting
a more resilient and sustainable agriculture development pathway. The second challenge
relates to identifying the next-best options for measuring progress towards sustainable
agriculture, given that in most cases, the data collection systems needed to directly measure
the sub-indicators of SDG indicator 2.4.1 are not in place.

This section provides details on how the PROSA framework addresses these two
challenges. Section 2.1 discusses the ways in which variations in the key factor endowments,
including land, labour and capital in uence the appropriate and feasible actions required
to guide development pathways, drawing on the FAO Principles of Sustainable Food and
Agriculture. These variations are operationalized through the development of a country
typology that is used throughout the report to disaggregate global trends and drivers of
sustainable agriculture indicators. Section 2.2 addresses the second challenge by describing
the process followed to construct the PROSA indicators in order to enable the measurement
and analysis of progress towards sustainable agriculture.
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2.1 Multiple pathways towards more sustainable agriculture: an applied
typology of agrifood systems for global monitoring and analysis of
progress towards sustainable agriculture

FAO identi es ve Principles of Sustainable Food and Agriculture (see Box 1) that provide
a common vision for sustainable agriculture and practical guidelines for how the global
community can strive to achieve it (FAO, 2014). These Principles inspired the development
of SDG indicator 2.4.1 and underpin the analysis framework offered by PROSA. The ve
principles are meant to be applicable to all country contexts, although they fully recognize
that speci ¢ pathways to sustainability exist due to important heterogeneity of the agro-
ecological, political and socio-economic conditions across and within countries. In particular,
variations in endowments of land, labour and capital in agriculture will in uence the type
of pathways towards more sustainable agriculture that are most feasible and appropriate in
any given country context.

Understanding how differences in factor endowments may in uence the pathways to
achieving the Principles are key in monitoring and analysis of the progress made towards
sustainable agriculture. A country typology that accounts for some of the critical heterogeneity
between countries may help facilitate a global analysis. Such a typology can help unpack
differences in trends associated with the monitoring of sustainable agriculture, the drivers
of these trends, and the diversity of trade-offs and opportunities that policymakers must
navigate to make progress along the sustainability pathways while respecting national and
regional speci cities.

‘ BOX 1 Five principles of sustainable food and agriculture of FAO

Principle 1 recognizes that improving ef ciency in the use of resources is crucial
to sustainable agriculture. This includes natural resources, such as land, water
and soil; human resources (labour); and capital resources, such as equipment,
technologies, buildings and infrastructure. Priorities to improve resource ef ciency
will vary considerably by country, depending on the relative scarcity or abundance
of these production factors. Countries characterized by farm systems that are
abundant in labour, but scarce in capital and natural resources, will need to support
labour-intensive practices to maximize returns from the other production factors.
For example, some crop intensi cation systems may help to improve non-labour
input use ef ciency, yet may also require more labour compared to traditional
practices. While such technologies are well suited to labour-abundant agricultural
systems, they may not be appropriate in countries with limited farm labour due to
the presence of competitive off-farm employment opportunities. In countries where
labour is constrained, farmers are more likely to adopt labour-saving approaches to
improve resource ef ciency.

Principle 2 states that agricultural sustainability requires direct actions to
conserve, protect and enhance natural resources. Appropriate and feasible
strategies for improving natural resource conservation while maintaining or
increasing agricultural production levels will vary, depending mainly on a country’s
relative factor endowments. Countries with large rural populations and growing land
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Several country typologies developed by the international community exist that group
countries according to their various characteristics, including for the food and agriculture
sectors. These include the food systems typology developed by the High-Level Panel of Experts
on Food Security and Nutrition (HLPE, 2017), the per capita income groupings used by
the World Bank, the United Nations Development Programme (UNDP) Human Development
Index, the UN Department of Economic and Social Affairs (UN DESA) country classi cation,
and the FAO Low-Income Food-De cit Countries list (LIFDC). These typologies provide useful
insight into the social and economic conditions of countries, as well as broader insights into
agricultural supply chains and nutritional outcomes, such as in the case of the HLPE food
systems typology. However, they do not explicitly focus on factors of agricultural production,
which are key for assessing sustainable agriculture features.

The typology applied in this report follows the typology of agrifood systems developed
in Campanhola and Pandey (2019), which focuses on agricultural-sector factor endowments
and is applied at the national level. Countries are grouped based on factor productivities and
relative intensities within agriculture — for land, labour and capital — to account for differences
in food and agricultural production systems. The typology incorporates other recognized
typologies as a second-level evaluation criteria for a country’s classi cation. The methodology
used to group countries is summarized in Box 2.

Based on well-established quantitative methods using national data, four country
groups emerge according to factor productivities and relative factor endowments (Figure 2).
These groups overlap well with the following agrifood typology groups developed by the HLPE
(2017): Traditional Agrifood Systems, Modern Agrifood Systems and Mixed Agrifood Systems
that are in transition between Traditional and Modern Agrifood Systems. However, to better
account for agriculture-speci c differences, PROSA further divided this group into the Mixed
Agrifood Systems group into Capital-intensive and Land-intensive Agrifood Systems.

Q BOX 2 PROSA methodology to group countries

The approach adopted in this report builds on the global-level country typology
developed in Campanhola and Pandey (2019), which provides clear linkages
with the FAO Five Principles of Sustainable Agriculture when assessing suitable
development strategies based on country groups. This agrifood systems typology is
based on the relative abundance of the main factors of production: labour, land and
productive capital. In Campanhola and Pandey (2019), the geographic areas were
classi ed using a relatively ne spatial resolution with associated information on
the three factor endowments, leading to the identi cation of three broad agrifood
system groups: extensive (land-intensive), labour-intensive and or capital intensive.
Three intermediate groups that fall between these broader categories were also
established: extensive and capital-intensive systems, labour- and capital-intensive
systems, and extensive and labour-intensive systems.

PROSA is designed to provide country-level insights. Therefore, it requires a typology
that builds on national-level data. As the data used in Campanhola and Pandey (2019)
cannot be easily aggregated to a national level, the methodology has been adjusted to
draw on already-available national-level data to build country-level groupings.

Four data sets were used to quantify agricultural-sector factor endowments and
intensities at national level:

capital endowments in agriculture from FAOSTAT, which tracks Net Capital Stocks
(Agriculture, Forestry and Fishing) at country level,;
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BOX 2 (cont.)  PROSA methodology to group countries

land statistics from FAOSTAT’s country-level data series on agricultural land;

labour in the agricultural sector from the International Labour Organization (ILO),
which estimates the number of people employed in agriculture at a national level,
including both paid and self-employment; and

agricultural value added, which is the common numerator for all factor productivity
calculations, again from FAOSTAT.

Using these data, partial agricultural factor productivities were constructed for each
country by dividing the agricultural value added by agricultural land, labour and
capital. A principal component analysis was then applied to derive the rst principal
component, which combined the three factor productivities into an index variable.
The resulting variable was split into quartiles to ensure that: (1) the resulting country
groups are suf ciently homogeneous in terms of their agricultural production system
characteristics; and (2) the number of individual countries in each group are large
enough to identify patterns in the data. The group in the rst quartile consists of
countries in Modern Agrifood Systems, while the fourth quartile consists of countries
in the Traditional Agrifood Systems. Countries in the second and third quartile
were less easy to separate into homogenous groupings. Given that factor intensities
of capital and land are likely to in uence the suitable pathways to sustainable
agriculture, the differences between countries in capital per worker and land per
worker were used to create two more homogenous groups. A quadratic expansion
path was applied, forming the Capital-intensive Mixed Agrifood Systems and Land-
intensive Mixed Agrifood Systems groupings.

Q FIGURE 2  Grouping of countries by capital and land intensities (log scale)
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Countries within each of the resulting four groups share the following broad characteristics.

Countries in Traditional Agrifood Systems (green) are characterized by low labour
and land productivity and low capital stocks. Within this country group, farming is the main
source of livelihoods; however, the marginal productivity of agriculture is low due to an
abundance of labour and severe capital constraints. These constraints are re ected in lower
land productivity than may be seen in countries within Capital-Intensive Mixed Agrifood
Systems and Modern Agrifood Systems, and in lower agriculture value added with relatively
little increase over time. Among the countries of this group are Afghanistan, Nicaragua and
the Niger. Many of these countries are also categorized as low-income food de cit countries,
according to FAO, and require increases in agricultural productivity and investment to
address degrading agricultural soils and meet growing food needs.

Countries with Capital-Intensive Mixed Agrifood Systems (orange) are characterized
by higher land productivity and agriculture value added, due to higher levels of capital
endowment per worker compared to countries within Traditional Agrifood Systems.
The broader economy diversi es into services and industry, resulting in a lower agriculture
share of gross domestic product (GDP) and employment. In these countries, economic growth
is based primarily on capital-intensive agriculture, often substituting for labour. Countries in
this group include Ecuador, Ghana and Thailand.

Countries with Land-Intensive Mixed Agrifood Systems (yellow) are also characterized
by higher productivity compared to the traditional group, chie y due to larger land areas
being available to the agriculturally active population. Agriculture’s contribution to GDP
and employment is decreasing due to diversi cation of the economy as a whole; however,
land productivity is lower and increasing at a slower rate compared to countries within
Capital-Intensive Mixed Agrifood Systems. Agricultural growth in this group is based on
higher land-use intensities than capital intensities, because of a greater abundance of land,
which in turn leads to more extensive farming systems. The Russian Federation, South Africa
and Uruguay are examples of countries within Land-Intensive Mixed Agrifood Systems.

Countries with Modern Agrifood Systems (blue) are capital-intensive with high land or
labour productivities. Due to mechanization and access to modern technologies, agriculture
is highly competitive. Many of the countries are large exporters. The countries in this group
typically have a higher agriculture value added, but the overall contribution of agriculture to
the diversi ed economy is smaller. Examples of countries within Modern Agrifood Systems
are Argentina, Australia and Japan. In most of these countries, agricultural productivity is
high and food insecurity is low, shifting the priority towards ensuring that agriculture is
increasingly environmentally sustainable and socially just.

This applied typology of agrifood systems is used to enhance understanding of country-
level differences in terms of the drivers of sustainable agriculture, and the assessment of
suitable strategies within this report. The list of countries in each group is available in
Annex 1.

2.2 Measuring and analysing sustainable agriculture at the national
level: identifying PROSA indicators of sustainable agriculture

Over the past 30 years, the de nition and measurement of sustainable agriculture has
been much debated. According to the 2030 Agenda for Sustainable Development, the
performance of all sectors, including agriculture, must be assessed against the three
dimensions of sustainability: economic, social and environmental. In 1988, FAO de ned
sustainable agriculture as “the management and conservation of the natural resource
base, and the orientation of technological and institutional change in such a manner
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€ BOX3

What encompasses agriculture in the PROSA framework?

The PROSA framework attempts to adhere as closely as possible to the de nition
of “agriculture” in SDG indicator 2.4.1, including land used to produce food and
non-food crop and livestock products, as well as agroforestry and aquaculture, to the
extent that production takes place within the agricultural area. Where the agriculture,
forestry and shery sectors could not be disaggregated to include only activities that
take place on agricultural land, all three were included in the measure. The term
“farmers” encompasses all producers across these sectors.

€ TABLE1L

Dimension

The PROSA indicators of sustainable agriculture measured at the
national level

2.4.1
sub-indicator

PROSA
indicator

Data
source

Economic

3 Farm output | Gross production FAOSTAT
ghg tand  aie per value of crops (FAO,
7 productivity hectare and livestock 2019b)

products (constant
2004-2006 USD)
per agriculture
area (1 000 ha)
Net farm Net production FAOSTAT
g@_ Farm - income value of crops, and
——) pro tability livestock and FishStat
aquaculture (FAO,
products (constant | 2019b)
2004-2006
USD 1 000) per
rural population
(1 000 persons)
Risk mitigation | Credit to FAOSTAT
Resilience mechanisms: | agriculture, (FAO,
access to or forestry and shing  2019b)
available (value in USD) per
credit and rural population
insurance, (1 000 persons)
on-farm Gini-Simpson FAOSTAT
diversi cation crop and livestock | (FAO,
(value of diversi cation 2019b)

production)

index (gross
production value)
aggregated at the
national level.

* No globally
comparable data
on diversi cation
at the farm level is
available

10
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TABLE 1 (cont.) The PROSA indicators of sustainable agriculture measured at the

national level
. . 2.4.1 PROSA DEF]
Dimension .. .
sub-indicator indicator source
Additional oHe . GHG * added for GHG emissions FAOSTAT
R o national-level (CO, eq) intensity | (FAO,
emissions monitoring from crops and 2019b)
livestock
Land * added for Change in FAOSTAT
™ ﬁm use national-level agricultural area | (FAO,
—~ Cchange monitoring and forest area 2019b)
over time

Source: Authors’ own elaboration.

2.3 Identifying drivers of change on the path towards
sustainable agriculture

To achieve sustainable agriculture, decision makers in the public and private sectors require
insights into how major drivers of change in agriculture affect progress across economic,
social and environmental dimensions. While there is considerable research identifying
important driving and constraining factors to achieving sustainability in agriculture, the
study distinguishes ve global driver groups that affect the multiple dimensions of sustainable
agriculture, using SDG indicator 2.4.1 as guidance. It then provides an empirical analysis
of the important relationships between drivers and the PROSA indicators of sustainable
agriculture. To do so, this report develops a comprehensive analytical approach, hereafter
referred to as the PROSA Global Analysis. This approach adopts a multistage mixed method
framework to identify key drivers, and speci c relationships with the sustainable agriculture
indicators that are empirically robust, conceptually valid, and relevant to policy interventions.
The PROSA Global Analysis approach entails ve steps which are summarized in Figure 3
and described in more detail in Annex 2.

€@ FIGURE3 Five steps of the PROSA Global Analysis
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Based on consistency between
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Final selection of driver and

sub-indicator relationships

Source: Authors’ own elaboration.
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or highly context-speci c, the result is summarized as very positive (negative) or ambiguous,
respectively. Figure 4 summarizes the literature-based ranking exercise of drivers for a
subset of drivers considered at this stage of the PROSA Global Analysis.

€@ FIGURE4 Selected relations between drivers and PROSA indicators,
based on the literature review
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to agricultural input use and commodity production that increase (or decrease) farmer income,
expressed as percentage of income in a no-policy situation.

Source: Authors’ own elaboration.

Step 4. Empirical analysis using a computational selection procedure

The list of 17 drivers of agricultural change identi ed in the third step of the PROSA
Global Analysis was further re ned through the Least Absolute Shrinkage and Selection
Operator (LASSO) empirical approach. This approach is designed to select a small number
of independent variables - in this case, the drivers of agricultural change - from a wide
range of potential options (see Annex 2 on the formal speci cation of LASSO procedure).
This approach allows for the selection of drivers of agricultural change that exhibit

15






2 + A conceptual framework towards assessing sustainability in agriculture globally

direction of these relationships hold at the global level, they may differ at the country level.
In subsequent sections of this study, these global relationships are analysed to help identify
and prioritize the strategies and policy options for supporting progress towards sustainable
agriculture by country groups. For organizational and conceptual purposes, the sections are
organized thematically, according to the ve driver clusters identi ed in Step 3 of the PROSA
Global Analysis.

€@ FIGURE5  Final selection of driver and PROSA sustainable agriculture
indicator relationships, based on the literature review and
LASSO analysis
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2.4 Unpacking key global drivers of change along the multiple
dimensions of sustainable agriculture

The driver groups identi ed through the PROSA Global Analysis are explored in Sections 3
to 7 of this publication and are organized according to the ve key clusters of drivers:
demographics, inequality, farm structure, global integration, and government support to
agriculture. The study highlights important variations in these relationships between country
groups, along with strategies for advancing sustainability in agriculture.

Each driver has a direct in uence on progress towards agricultural sustainability;
however, the drivers are also interlinked and changes in one driver can affect others (Figure 6).
For example, demographic dynamics and inequalities in uence farm structure, as population
densities and equality of land distribution are both key underlying determinants of farm size.
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Demographic shifts can in uence inequalities if growing populations of rural farmers are
pushed onto marginal and degrading lands, entering a cycle of low productivity and land
degradation. In turn, inequalities can be heightened by processes of global integration of
agricultural sectors if foreign investment crowds out local producers and syphons land and
water resources away from poorer smallholders.

‘ FIGURE 6 Global drivers of change, interlinked in ways that are important
to holistic strategies for greater sustainability in agriculture
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Government support is one of the most important and direct mechanisms available to
policymakers to encourage sustainable agricultural development, and in uences all other
driver groups. For example, public expenditures can support off-farm work programmes
to address low wages in agriculture and degrading agricultural soils from surges in rural
populations, and increase access to credit to support small- and medium-scale mechanization.
Public spending on extension and access to resources in agriculture can target female-headed
or lower-income households to improve gender and income inequalities. Moreover, public
programmes that support access to markets and improved technologies in agriculture can
help local farmers to be included in higher-value agricultural commodity markets, in the
process of global integration.

The complex and interconnected nature of agriculture means that successful interventions
supporting positive and reducing negative outcomes of one driver can lead to potential
spillover effects in others. Understanding these linkages and how each driver affects
important aspects of sustainable agriculture is key for decision makers when considering
holistic strategies across drivers. The following sections aim to help decision makers optimize
increasingly scarce public funds to achieve greater sustainability in agriculture.

18



3 Demographic dynamics

KEY MESSAGES

In most countries with traditional agrifood systems, population growth is
accelerating agricultural land expansion and soil degradation.

A lack of jobs outside of agriculture for a growing population of young people

in rural areas is leading to mutually reinforcing land degradation and low
land productivity.

Integrating job creation and sustainable agricultural intensi cation strategies
should be a key part of any approach to make agriculture and livelihoods
more sustainable.

Population growth and demographic shifts in rural areas are driving important changes in
agriculture. Overall, the global population is growing and is increasingly urban and af uent,
leading to an acceleration of aggregate food demand. At the same time, populations in many
of the world’s rural areas are becoming both smaller and older, as young people move
to cities in search of non-farm employment. This pattern is well established in countries
with modern systems, where prospects for remunerative off-farm employment pull young
people out of rural areas and into service and manufacturing jobs. By contrast, countries
with traditional systems, particularly those in sub-Saharan Africa, continue to experience
rapid population growth in both rural and urban areas, expanding the already considerable
number of young, rural people in need of viable livelihood opportunities.

The PROSA Global Analysis indicates that these demographic dynamics are empirically
and conceptually associated with unsustainability in agriculture (Figure 7). High rates of
growth in rural and youth populations are generally associated with greater soil degradation
and lower wages in agriculture, measured as agriculture value added per worker as a
proxy. Unpacking these important relationships and understanding how they vary between
countries is key in guiding policies towards achieving more sustainable agriculture.

Population growth often leads to agricultural land expansion and raises concerns
about the degradation of agricultural soils

Meeting the food needs of a growing and increasingly urban global population will be achieved
through intensi cation of existing agricultural land and expansion into non-agricultural
land. Which pathway dominates in a particular country is, in large part, a function of the
overall availability of uncultivated, fertile land, combined with the technologies and services
available to farmers (see, among many, Boserup, 1965 and Timmer, 1988). Globally,
agricultural land grew from the 1970s to the 2000s, particularly in countries with Land
Intensive Mixed Agrifood Systems, mirroring trends in deforestation. Countries with more
limited land resources, by contrast, typically intensify production of existing land through
practices that may degrade or enhance soil and other natural resources, depending on the
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technologies and inputs used and the land management techniques applied. This process
can be seen in countries within Modern Agrifood Systems where agricultural land decreased
consistently over the last ve decades amid increasing productivity.

0 FIGURE 7  Directions of progress between demographic dynamics and key
PROSA indicators of agricultural sustainability
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Source: Authors’ own elaboration.

Both processes — expansion and intensi cation — affect the productivity of agricultural
soils, the maintenance of their quality, and the overall sustainability of agriculture.
Intensifying production without replenishing soil nutrients or allowing a fallow time to
recover soil fertility causes further degradation. Intensi cation practices that build up soil-
organic matter, through mulching, application of manure or compost, residue retention and
reductions in soil disturbance are needed, to replenish soil nutrients and prevent further
degradation. Land expansion often occurs through land conversion at the expense of forests,
which are critical to environmental sustainability (FAO, 2016a). However, the availability of
suitable land that can be converted to cropland is increasingly limited, due to urbanization,
climate change and soil degradation (FAO, 2018).

The environmental concerns of agricultural land expansion, along with the lack of
available land, make this option increasingly less viable. Yet, in capital-poor countries with
growing populations, the ability to sustainably intensify production on existing farmland is
limited by a lack of physical capital and institutional support, such as credit systems and
extension services that can provide farmers with required tools and information.

Of all the country groupings considered in this report, countries within Traditional
Agrifood Systems must manage the most pronounced population dynamics. Countries in
this group have the highest rate of overall population growth, the most rapid expansion
of young people in the world, and a continued expansion of agricultural lands (Table 2).
This growth is strongly associated with an increase in the share of rural people living on
degraded agricultural lands, suggesting that unsustainable expansion and intensi cation
pathways dominate in these countries (Figure 8). Countries within Modern Agrifood Systems,
by contrast, have a declining rural population, on average (Table 2), a trend occurring
simultaneously with a decline in the rural population living on degraded land (Figure 8).

The PROSA Global Analysis suggests that growing rural populations living on degraded
lands are associated with general population growth rates, rather than with the growth rate
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of the rural population itself.” This nding is partly explained by the fact that the growth rate
of the rural population is composed of the growth rates of rural populations on degraded
lands and on non-degraded lands. Countries with a high general population growth rate,
a high degree of urbanization, and a limited availability of fertile areas may experience an
expansion into less fertile lands and additional pressure on the fertility of already cultivated
areas. This suggests that at the global level, when overall population growth rates exceed
the rates of growth in rural areas, the proportion of populations on degraded agricultural
land is higher. This relationship is apparent in the differences in the slopes in Figure 8.
It is likely that this result is driven in large part by the demographic transition occurring in
many counties, but that is particularly pronounced in countries within Mixed Land Intensive
and Traditional Agrifood Systems. Here, urbanization growth rates are outstripping rural
population growth, although rural populations are also growing (Table 2). If agricultural
activities are carried out on already degraded land, poor sector performance may contribute
to the migration of people from rural to urban areas, leading to higher growth rates in urban
populations compared to rural ones. Furthermore, the surge in urban populations leads to a
higher demand for food in urban areas, alongside an increased demand for agricultural land
in rural areas. These complex dynamics may incentivize expansion into more marginal and
easily degraded lands, or unsustainable intensi cation processes on existing land.

‘ FIGURE 8 Increases in total population growth, strongly associated
with expansion of rural populations farming on degraded lands
(2010-2016 average)
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Note: Degraded lands are de ned as lands that present a negative change in net primary productivity
(NPP) from 1981 t02000.

Source: Authors’ own elaboration of data from Barbier and Hochard (2016), UNSD (2019) and UN
DESA (2019).

2 The analysis uses data on the percent change in rural populations living on degrading agricultural land as an
indicator of soil degradation. The soil nutrient balance is also an important indicator of soil quality; however,
in this analysis, it did not reveal signi cant ndings. For this reason, rural populations living on degrading
agricultural land is used instead, despite presenting important limitations. In particular, the indicator is
measured as the rural population in a given year divided by the degraded land in the year 2000, the only one
for which data on degraded land is available. Therefore, the indicator does not take into account improvements
of land quality or further land degradation that may have occurred in other years.
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€ TABLE2  Demographic shifts by country typology group

Annual population | Youth (0-14 years) | Rural population

growth rate, population growth growth rate,
2010-2016 rate, 2010-2015 2010-2016
average (%) average (%) average (%)
Traditional Agrifood o8 12.0 20
Systems
Capital Intensive Mixed
Agrifood Systems 1.0 0.4 0.9
Land Intensive Mixed
Agrifood Systems 11 15 0.3
Modern Agrifood Systems 0.5 -0.4 -0.8

Source: Authors’ own elaboration of data from UNSD (2019) and UN DESA (2019).

Higher land degradation coincides with lower agricultural productivity

The rapid expansion of populations living and working on degraded agricultural land is of
particular concern in achieving sustainable agriculture. The increase in the share of rural
populations living on degraded land is strongly associated with low levels of land productivity
(Figure 9). This relationship re ects a vicious cycle, in which low levels of productivity on
existing land push populations onto more marginal land in an effort to produce suf cient food.
The process of land degradation is reinforced by the poor soil quality and fragile conditions
of marginal land, along with farmers’ constraints on accessing soil enhancing inputs (among
many, Tittonell and Giller, 2013 and Barrett, 2008). Breaking the cycle of land degradation
and low land productivity is crucial, especially in the Traditional Agrifood Systems.

€ FIGURE9 High rates of rural populations on degraded land, corresponding
with low land productivity globally (2000-2016 average)
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3 ¢ Demographic dynamics

A growing labour force in rural areas can lead to lower overall productivity per worker
and declining wages, if not met with increased non-farm job opportunities, particularly
for youth (World Bank, 2013). The PROSA Global Analysis highlights a strong negative
relationship between rural and youth population growth and value added per agricultural
worker (Figure 10). The relationship is particularly pronounced for countries within Modern
Agrifood Systems, which have, on average, declining rural populations and rapidly rising
value added per agricultural worker (Table 2).

0 FIGURE 10 Rural and youth population growth, associated with lower labour
productivity in agriculture when not met with increased off-farm
and urban job opportunities (2010-2016 average)
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Source: Authors’ own elaboration of data from FAO (2019b), UNSD (2019) and UN DESA (2019).

Two divergent development pathways can emerge in response to growth in the population
of young people in rural areas. First, through the “economic transformation” process,
opportunities created in the non-farm economy pull people out of rural areas into higher
paying employment (Johnston and Mellor, 1961; Timmer, 1988). This leads to an increase in
agricultural wages, creating incentives for farmers to replace farm labour with capital through
mechanization and other intensi cation technologies. This process is mutually reinforcing:
increased wages in the rural economy trigger demand growth for services and manufactured
products purchased in the non-farm economy, while greater capital intensi cation of farming
frees up more rural labour that enter the non-farm economy. Agriculture continues to grow,
but at a slower pace than other sectors, leading to a decline in the contribution of agriculture
to the country’s GDP.
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€ BOX4 Youth employment and sustainable intensification in Burkina Faso

Burkina Faso provides an example of the diverse ways in which productivity gains in
staple crops alone can profoundly affect youth livelihoods. In recent years, Burkina
Faso hasbene tedfrom new cereal crop varieties produced by the national agricultural
research system and extended to millions of smallholder farmers through extension
programmes. Cereal yields (mainly maize and rice) doubled between 1990-1995 and
2010-2014 (FAO, 2019a). This enabled farmers to produce their households’ staple
food needs on less land, thereby freeing up land and labour for other income-earning
activities. One particularly important new activity is the growing of fodder crops; over
time, this has replaced the transhumance system of sending livestock herds away
during the dry season with a more intensive year-round raising of livestock locally.

The ability to integrate fodder crops into the farming system has allowed for
more permanent tending of livestock; regular dairy income for many households;
improved nutrition resulting from the year-round supply of dairy products; and the
ability to collect manure for reintegration of organic matter back into the cereal
elds. This, in turn, led to improved soil quality, better crop response to inorganic
fertilizer, increasing cereal yield growth, and a further contribution to sustainable
agricultural intensi cation. In these various ways, the success of Burkina Faso’s crop
science and associated investments has transformed the integrated cereal-legume-
livestock systems in ways that have promoted sustainability and resilience, improved
nutritional outcomes, greater pro t opportunities for youth in farming, and greater
multiplier effects from agricultural growth on job growth in the off-farm economy.

Source: Sitko and Jayne, 2018.
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4 Inequality

KEY MESSAGES

The unequal distribution of wealth and resources hinders agricultural
productivity and economic prosperity, and undermines progress toward
sustainable agriculture.

Addressing gender-based inequalities can contribute to greater agricultural
productivity and food security, particularly in countries where women’s

contribution to the agricultural workforce is large and growing.

Strengthening land tenure rights among poor rural farmers is critical for
addressing inequality in agriculture.

Developing innovative strategies to improve access to credit and agricultural
services for marginalized farming populations is key in lessening inequalities in
agriculture and enhancing sustainability.

Agricultural sustainability requires increasing land productivity and reducing poverty
and hunger; however, high levels of inequality can hinder progress towards these goals.
Inequality is a result of one or more forms of discrimination against groups of people within
a population. The many ways in which inequality manifests in a country undermines social
cohesion, exacerbates the challenges of poverty and hunger, and limits the capacity of a
country to achieve the SDGs.

The PROSA Global Analysis identi es strong empirical and conceptual relationships
between sustainability in agriculture and economic and gender-based inequality. Income
inequality is measured by the Gini index, while gender inequality is measured by the UNDP
Gender Inequality Index (GII). The results indicate that higher levels of gender and income
inequality coincide with reduced sustainability in agriculture across both social and economic
indicators, including lower access to credit in agriculture, lower land productivity, and higher
food insecurity. While several other factors may collectively in uence the sustainability of
agriculture, addressing these inequalities can contribute to an agricultural sector that is
more productive, resilient and meets the food needs of the population.

The distribution of wealth in a society influences the productivity of its
agricultural sector

Globally, there is a clear negative relationship between income inequality and agricultural
productivity across all agrifood systems typologies (Figure 12). Countries where incomes
are highly unequal have, on average, lower levels of land productivity. The underlying
mechanisms behind this relationship are diverse and often interrelated. Understanding these
mechanisms is key for designing inequality-reducing actions that will stimulate agricultural
productivity sustainably, especially in countries within Mixed Land Intensive and Traditional
Agrifood Systems, where productivity gains are lagging.
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€@ FIGURE 11 Directions of progress between gender and income inequalities,
and key indicators of agricultural sustainability
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Source: Authors’ own elaboration.

‘ FIGURE 12 Countries with greater income inequality are less productive in
agriculture (2010-2016 average)
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In highly unequal countries, most of the farming population lacks the economic resources
and capacity to invest in appropriate agricultural technologies, as well as the knowledge to
implement improved agricultural practices. This has direct consequences on the abilities of
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€@ FIGURE 13 Female participation to agriculture is increasing in countries
within Traditional and Mixed Agrifood Systems (1980 to 2016)
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‘ FIGURE 14 Countries with higher gender inequality have lower land
productivity, less access to credit, and higher food insecurity
(2010-2016 average)
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Farm size structure

Ol

KEY MESSAGES
Larger and more mechanized farms are more pro table, due to advantages in
economies of scale and a greater ability to take risks.

Supporting diversi cation on large farms can improve long-term environmental
and economic sustainability.

Small, diversi ed farms can generate valuable environmental services and

economic resilience; however, they often encounter the challenge of low levels
of pro tability.

Improving the economic sustainability of small farms requires enhancing their
access to scale-appropriate mechanization and supporting the inclusion of
more pro table crops in their diversi ed systems. Addressing constraints is
necessary and requires a mix of interventions, including development of markets,
risk management tools and quality control schemes.

Average farm size and the levels of farm mechanization have important implications for the
economic, social and environmental dimensions of sustainable agriculture. The size and
level of mechanization of a farm in uences its productivity, pro tability and environmental
impact, through factors such as the technologies and inputs that farms of different sizes
apply, and the choices of crops grown. Moreover, the distribution of farm sizes within a
country has important implications for the relationship between agricultural sector growth
and poverty reduction (Jayne et al., 2003).

There are 570 million farms in the world, of which 84 percent are less than 2 hectares
in size and only 6 percent are larger than 5 hectares (Lowder, Skoet and Raney, 2016).
Average global farm sizes show divergent trends between country groups. Between 1970
and 2010, farm sizes in countries within Traditional and Mixed Capital-Intensive Agrifood
Systems have generally declined, due to growing rural populations, particularly in land-
constrained countries. Countries within Modern Agrifood Systems experienced the opposite
trend of rising farm sizes, which began in the 1990s, while the size of farms within Mixed
Land Intensive Agrifood Systems has remained stable.

Dynamics in average farm sizes and farm size distributions involve complex trade-offs,
for instance between the per-capita pro tability of larger, more commercialized farms, and
the land-use ef ciency and diversity of smaller-sized farms. Generally, larger farms generate
higher nancial returns per unit of farm labour, by capturing ef ciencies generated through
economies of scale and production specialization, which are often linked to greater use
of mechanized equipment. Smaller farms, on the other hand, typically draw heavily from
family labour and, on average, generate greater output per unit of area farmed, albeit with
relatively low productivity per worker (among many, see Berry and Cline, 1979; Feder,
1985; Schultz, 1964). Due to a wide range of production- and market-related risks and
limited formal mechanisms to manage them, smaller-scale farmers often diversify their farm
systems (and non-farm livelihood activities) to help spread these risks over a relatively higher
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number of production activities, compared to farmers with larger holdings (Rosenzweig,
1988; Pingali and Rosegrant, 1995; Barrett, Reardon and Webb, 2001).

Results from the PROSA Global Analysis highlight the trade-offs between the biodiversity
bene ts of smaller farms and the economic advantages of larger, more mechanized farms
(Figure 15). Smaller, less mechanized farms are associated with greater resilience and
biodiversity in agriculture, in terms of crop and livestock species. Higher farm pro tability
and wages, measured as agriculture value added per worker, on the other hand, are linked
to larger average farms and higher levels of mechanization. Unpacking these relationships
is important, given the increasing pressure on small-scale farmers to adapt to rapidly
globalizing agrifood systems. Understanding the different ways in which farm structure
impacts sustainable agriculture will help decision-makers when considering how to best
support farmers in their countries.

0 FIGURE 15 Directions of progress between farm mechanization and average
farm size, and key indicators of agricultural sustainability
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Source: Authors’ own elaboration.

Larger and more mechanized farms are generally more profitable

The results of the PROSA Global Analysis highlight, globally, a strong relationship
between farm size and mechanization, and net farm income per capita and agriculture
value added per worker, a proxy of agricultural wages. As average farm sizes increase in a
country, the net income per capita of people engaged in agriculture and levels of machinery
use also increase (Figure 16). Trends show a dramatic increase in farm pro tability and
agriculture value added per worker in countries within Modern Agrifood Systems over the
last six decades, as farms in these countries became more mechanized than those in any
other group.
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Q FIGURE 16 Net farm income per capita is higher in larger and more
mechanized farms (2010-2016 average)
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Farmers with large landholdings often specialize their agricultural production and orient
it toward commercial markets (Von Braun, 1995; Timmer, 1997). Larger farms bene t more
from specialization than smaller farms, due to the increasing returns to scale associated
with specialization along the value chain (White and Irwin, 1972; Pingali and Rosegrant,
1995). For example, specialized large-scale farms bene t from input and machinery supply
chains that are tailored to their needs, such as crop-speci ¢ machinery that allow a single
operator to manage large land areas and high output volumes (White and Irwin, 1972).
These advances in mechanization on larger farms require less farm labour, leading to
higher farm output and wages per worker. However, in labour-abundant countries within
Mixed and Traditional Agrifood Systems, mechanization can displace rural populations that
primarily rely on agriculture for jobs, if off-farm employment opportunities are still limited
(Pingali, 2007).

Downstream, larger farms enjoy lower per-unit costs of marketing and storage, and
typically face lower transaction costs in meeting the quality, size and delivery standards
required to modernize agrifood systems (Pingali, Khwaja and Meijer, 2005). At the production
level, larger farms tend to better integrate into agricultural information networks (such as
private and public extension systems) than smaller farms, and have a greater capacity to
apply new information and technologies to improve farm pro tability (Collier and Dercon,
2014). Furthermore, farmers operating larger landholdings often seek out specialized
training and skills to improve their management and marketing ef ciency (Chavas, 2001).

Larger farms are also more pro table because of their greater ability to access and
utilize formal instruments to manage production and marketing risks, such as insurance
and agricultural credit. This is because larger farms tend to be better capitalized and better
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4@ FIGURE 17 Crop diversity, measured at the national level, decreases as farm
size increases (2010-2016 average)
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However, risks associated with global price swings, and challenges with meeting quality
and consistency standards are signi cant barriers to entry to cash crop markets for many
small-scale farmers (Dolan and Humphrey, 2000; Baffes, 2005). Furthermore, legumes
are often thinly traded, which reduces market opportunities, and accessing seed can be
a challenge. Addressing constraints on the adoption of diversi ed cropping systems that
integrate legumes and cash crops with food crops can help enhance the pro tability and
long-term sustainability of small farms. This requires development of, and providing access
to, markets for inputs and outputs, formal risk management tools, and quality-improving
schemes (including training, extension services and investments).

It is critical to support smaller farms on a path to an agriculture that is more economically
sustainable (Lowder, Skoet and Raney, 2016). While the mix of necessary actions will be
country-speci c, strategies aimed at promoting and removing constraints on sustainable
intensi cation - including small-scale mechanization and incorporation of pro table
crops in the farming system - offers some opportunities. This will be especially crucial in
Traditional and Mixed Capital Intensive Agrifood Systems countries where farmers face the
lowest incomes and levels of mechanization, and are the most reliant on agriculture for
their livelihoods.
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Q BOX 5 Diversifying production to improve household nutrition

Agriculture and nutrition are fundamentally linked, and agriculture has great
potential to improve nutritional outcomes through the production of healthy and
diverse foods. Studies on crop diversi cation have long focused on their economic
and environmental impacts. More recently, there has been mounting evidence that
crop diversi cation can also contribute to improved nutrition outcomes through
better diets (Powell et al., 2015; . Farmers that consume a portion of their own
production can enhance their nutrition by increasing the availability of a greater
variety of self-produced foods. Moreover, the more stable incomes generated through
diversi ed systems can enable farmers to purchase healthy foods when needed. The
inclusion of nutrient-dense and lucrative crops, and small-scale animal husbandry, in
the production systems are key to both improving nutrition outcomes and increasing
household incomes (FAO, 2015).

Approximately 2 billion people worldwide experience moderate or severe food
insecurity. They are forced to compromise on the quality and quantity of their
food, and are at increased risk of de ciency in vitamins and minerals as well as
undernutrition. Increasing economic and physical access to diverse and nutritious
foods for these populations is crucial (FAO et al., 2019). This is especially the case for
farmers in Traditional Food Systems countries who typically subsist on starch-based
staple crops. Their diets often lack fruit, vegetables and animal products containing
micronutrients that are vital for human growth and cognitive functions (Ruel, 2003).
Yet, in many countries, agricultural sectors have been heavily tilting towards the
production of staples and cash crops, resulting in a lack of knowledge, skills and
infrastructure for effective production and delivery of locally available diversi ed food
crops. The transition towards a more sustainable development path should include
supporting more diverse and nutritious food systems. Integrated and multisectoral
approaches to encouraging the production, harvesting, storage and processing of a
diverse range of foods are a key element in achieving improved diets that contribute
to better nutritional outcomes.

Sources: Demeke et al., 2013; Ecker, 2018; FAO, 2015; FAO et al., 2018; Hirvonen and Hoddinott,
2017; Kumar, Harris and Rawat, 2015; Makate et al., 2016; Mango et al., 2018; Mazunda,
Kankwamba and Pauw, 2015; Powell et al., 2015; Ruel, 2003.

‘ BOX 6 Protecting global agrobiodiversity through legislation on plant
genetic resources for food and agriculture

Around the world, farming systems are becoming more homogenous - both in terms
of crop and livestock species, and of genetic diversity within species. This loss of
biodiversity in agricultural production (agrobiodiversity) has signi cant negative
impacts on the economic and environmental resilience of agricultural systems (see
Section 2.3 of this publication). Policies and treaties encouraging the conservation of
agrobiodiversity can drive positive changes in the resiliency of agriculture systems.
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BOX 6 (cont.)  Protecting global agrobiodiversity through legislation on
plant genetic resources for food and agriculture

FAO monitors the status of Member Countries with regard to the enactment of
national laws and signing or rati cation of international agreements related to the
conservation and use of plant genetic resources for food and agriculture. The status
is communicated through the Report on the State of the World’s Plant Genetic
Resources for Food and Agriculture (FAO, 1997; FAO, 2010). According to FAO,
Costa Rica, along with several other countries, has signed or rati ed the greatest
number international agreements and national laws relating to the conservation
and use of agricultural biodiversity (including access to plant genetic resources and
seeds), plant protection, intellectual property rights, and biosafety (FAO, 2010).

Costa Rica is a pioneer in protecting its rich natural resources, including biodiversity
in agriculture. The Government of Costa Rica was the rst to pass legislation in 1996
creating a programme of payments for ecosystem services, which includes rewarding
farmers for protecting biodiversity. In 2010, the Government listed agrobiodiversity
as a strategic area within the climate change and environmental management pillar
of the State Policy for the Agricultural Sector and Rural Development (OECD, 2017).

Costa Rica’s progress towards the conservation of agrobiodiversity is re ected in
its high crop species diversity. In the PROSA Global Analysis, Costa Rica ranks as
one of the most crop-diverse countries (Figure 18). Although further strengthening
of national capacities to implement the countries’ commitments to agrobiodiversity
conservation is needed, Costa Rica is on the right track towards ensuring the
protection of plant diversity in agriculture.

0 FIGURE 18 Costa Rica has both high crop diversity and a high status in
terms of national legislation on plant genetic resources for food
and agriculture (2014-2016 average)
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6 Global integration of agriculture

KEY MESSAGES

FDI in agriculture creates opportunities to increase economic resilience in
agricultural systems, through incentives for diversi cation and improved access
to credit for agriculture.

Supporting the adoption of integrated pest management approaches in diverse
export-oriented agricultural systems can enhance the sustainability of global
integration.

Without complementary policies to ensure that local farmers and rms participate
on equal footing with foreign investors, an in ux of FDI may contribute to reduced
resilience and increased inequality.

Investments that adhere to the Principles for Responsible Investment in Agriculture
and Food Systems can ensure that processes of global integration contribute
positively to food security.

Agricultural and agrifood systems have long been globally integrated through trade. However,
as a result of rapid technological, dietary, nancial and regulatory transformations, the pace
of global integration of agriculture has increased remarkably. FAO estimates that between
1991 and 2016, global in ows of FDI into the food and agriculture sector have increased
sevenfold in real terms, reaching almost USD 2 trillion. Over the same period, the value of
agricultural exports has tripled and now exceeds USD 1.2 trillion globally (Figure 19).

The rapid global integration of agriculture through FDI and trade can contribute to
important bene cial changes in agricultural sectors. For example, FDI in agriculture
creates opportunities for transfers of knowledge and technologies to make agriculture
more productive and markets more ef cient (Oman et al., 1989; Reddy, 2005; Rama,
1999). Moreover, it can enable access to new and more remunerative markets for farmers,
while providing consumers with a wider range of food products at lower costs than ever
before (Reardon, Timmer and Berdegue, 2004; Dolan and Humphrey, 2000).

However, increased global integration can also leave many behind and may be
accompanied by adverse environmental consequences that undermine sustainability.
When countries seek to attract FDI in agriculture without implementing policies to support
local farmers and small companies, well-capitalized foreign agribusinesses can squeeze out
local actors and create conditions for uncompetitive market practices to ourish (Rugman,
1975; Connor, 2003; Coe and Hess, 2005; Caves, 1996). Moreover, competition between
countries to attract foreign investments and to access foreign agricultural markets may
contribute to a “race to the bottom”, through a loosening of labour and environmental
policies (Olney, 2013; Dewit, Gérg and Montagna, 2009; Levinson, 2003).

The results of the PROSA Global Analysis highlight the important trade-offs between
the global integration of agricultural, environmental, social and economic sustainability
(Figure 20). Higher FDI in agriculture is associated with greater economic resilience in
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agriculture, in terms of both credit to agriculture and crop and livestock species diversity
(measured by production value). Results indicate, however, that FDI is also associated with
greater national-level food insecurity. More worrisome relationships are found between
higher export orientation of agricultural goods and environmental indicators, including
elevated use of pesticides and lower crop and livestock diversity. Containing these trade-
offs will require national strategies and responsible private investment that prioritize the
inclusion of local farmers and minimize environmental costs.

0 FIGURE 19 FDI inflows into agriculture and agricultural exports are
increasing globally (1991-2016)
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€@ FIGURE 20 Directions of progress between FDI in agriculture and the share
of export value in agricultural production, and key indicators of
agricultural sustainability
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associated with agricultural exports, while minimizing the downside risks of high use levels
of agro-chemicals such as pesticides, can help ensure that the global integration of agrifood
systems through exports is sustainable.

0 FIGURE 21 Higher levels of agricultural export orientation are associated
with increased use of pesticides (2010-2016 average)
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The relationship between pesticide use and levels of agricultural exports is driven
in large part by the nature of export-oriented agricultural production systems and their
predominant crops (Longo and York, 2008; Dinham, 2003; Matthews, Wiles and Baleguel,
2003; Thrupp, 1990; Weir and Schapiro, 1981). As shown in Figure 22, in countries within
Traditional Agrifood Systems, exports are dominated by traditional export crops: cotton,
coffee, tea, tobacco and cocoa. Although countries within Traditional Agrifood Systems
have consistently low average levels of pesticide use, export crops grown in these agrifood
systems typically require more intensive use of pesticides than food crops grown for local
consumption. Moreover, due to their higher value and quality demands from importing
markets, farmer often have greater incentives to apply pesticides to their export crops than
to crops destined for local markets.

In the other country groups, exports are driven by food and fuel crops that are typically
grown in large-scale conventional production systems, including maize, wheat, soybean,
banana and palm oil. For example, exports of maize, soybean and wheat in countries within
Mixed Land Intensive Agrifood Systems have increased, from less than 10 percent of total
primary exports in the early 1990s to over 43 percent in 2016. This has been driven by the
rapid expansion of large-scale farming systems in these countries, where production often
occurs in monocrop or simple two-crop rotation systems (Jorgenson, 2005). These large-
scale conventional systems are often equally or more pesticide-intensive as the high-value
traditional and non-traditional export crops that dominate exports from countries within
Traditional Agrifood Systems (Murray, 1994).
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Q FIGURE 22 A small number of export crops accounts for a large share of
agricultural export value, in all production systems
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While exporting agricultural commodities is vital for the economies of many countries,
and the livelihoods of millions of farmers, identifying strategies to reduce the need for
pesticides and the risks of pesticide misuse and overuse in these systems is important for
their sustainability. This requires a multidimensional approach. On one hand, regulatory
systems must be in place to ensure that pesticides used in export agriculture meet global
safety standards, that farmers are provided training and equipment for their proper use,
and that disposal systems exist to minimize contamination of water and soil. On the other,
farmers require support to adopt integrated pest management systems, which reduce reliance
on chemical pesticides. This will entail investments in appropriate research and extension
services, to ensure that farmers have the right knowledge and tools to manage pests in an
integrated way, as well as markets that incentivize their adoption through price premiums.
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Foreign direct investment in agriculture can support farmers’ access to credit;
ensuring firms offer credit in a competitive and equitable way is vital

Due to the seasonal nature of agricultural incomes and expenditures, and exposure to
shocks, mechanisms to increase resilience are important for farmers. Agricultural credit can
help farmers to maintain relatively smooth consumption levels throughout the year despite
seasonal uctuations in income; purchase needed inputs such as seeds and fertilizer; and
make capital investments to enhance the long-term production capacity of their farms.
Creating conditions for farmers to access agricultural nancing at reasonable interest rates
and on competitive and equitable terms is therefore essential to support a more sustainable
agriculture. This is especially crucial for capital constrained countries within Traditional
Agrifood Systems, where credit to farmers is extremely low with little increase over time.

0 FIGURE 23 Credit to agriculture is positively associated with FDI inflows into
agriculture (2010-2016 average)
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The PROSA Global Analysis shows that increases in agricultural FDI are associated with
increased credit to agriculture (Figure 23). The mechanisms underlying this relationship are
diverse and occur at all levels of agricultural value chains. One particularly important source
of credit associated with FDI in agriculture is the provision of commodity-speci ¢ input

nancing to farmers, mainly tied output contracts or outgrower arrangements (Poulton,
Dorward and Kydd, 2010; Adjognon, Liverpool-Tasie and Reardon, 2017; Reardon, 2015).
Under these arrangements, rms provide farmers with in-kind credit for seeds and other
inputs at relatively low interest rates. Farmers are then typically obligated to repay their
loans in kind, with agricultural commodities. Such arrangements are particularly attractive
to resource-constrained farmers, who face high barriers to accessing other formal credit
arrangements (Binswanger and Rosenzweig, 1986). Moreover, tied output arrangements
are frequently bundled with extension services, to help farmers meet stringent quality and
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7  Government support to agriculture

KEY MESSAGES

Input subsidies may be an important policy instrument to stabilize agricultural
producers’ incomes in the short term; however, they may have limited effects on
agricultural productivity in the longer term.

Input subsidies tend to absorb substantial amounts of public resources,
while having weak income transfer ef ciency due to poor bene ciary targeting.

Output support can have a more positive effect on sustainable agriculture by
supporting markets for a diverse range of agricultural products; however,
they also have weak income transfer ef ciency and may require substantial
public expenditures.

Alternative, less distortive policy measures yield higher returns than support to input
use or commodity outputs, in terms of agricultural productivity and sustainability.
These include direct cash transfers to poor households and investments in public
goods, such as research, knowledge transfer and infrastructure.

Across countries, governments support agriculture to achieve a diverse set of policy objectives.
The range of applied policy measures is wide and the mechanisms through which they affect
producers and consumers can be complex. Yet, their effectiveness in stimulating agricultural
productivity and sustainability may be assessed using agricultural supportindicators. This study
focuses on the most common types of support provided to individual agricultural producers:
support to commodity outputs and support to inputs used in agricultural production.®

The PROSA Global Analysis includes agricultural support indicators in an attempt
to assess their empirical and conceptual relationship with indicators of agricultural
sustainability (Figure 24). While the overall picture is not simple, and varies across country
contexts, results indicate that globally, government assistance to agricultural inputs are
associated with movement away from sustainability in agriculture, while assistance to farms’
commodity outputs are associated with greater sustainability. The indicators measured
cut across social, economic and environmental dimensions, and include land productivity,
food insecurity and crop and livestock biodiversity.

5 Agricultural support indicators summarize the complex agricultural policy settings in a set of easy-to-interpret
numbers that can be compared across countries and over time. They are now a well-established tool for
monitoring and evaluating agricultural policies. Several initiatives are active in this area, including the work
of FAO, the Islamic Development Bank (IDB), OECD and the World Bank. The World Bank research project
on Distortions to Agricultural Incentives (Anderson and Nelgen, 2013) constitutes the most comprehensive
agricultural support data set in terms of country coverage and length of time series. The indicators from
this database, the NRA to farm outputs and input use, were used in the analysis, in combination with the
FAOSTAT Agricultural Orientation Index. The NRAs used in this quantitative analysis do not capture other
types of support, most importantly public expenditures on research and development, extension services
and investments. Existing databases covering these expenditures are limited in country coverage, impeding
inclusion of such data in the quantitative analysis; they were only analysed qualitatively.
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Q FIGURE 24 Directions of progress between government assistance to inputs
and outputs in agricultural production and key indicators of
agricultural sustainability
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Source: Authors’ own elaboration.

Input support is globally concentrated among lower-income countries with traditional
or mixed agricultural systems. They are often implemented to promote productivity growth
among resource-constrained farmers and to improve national food security, typically for
dominant staple foods. Low productivity levels and high food insecurity remain critical
limiting factors to sustainability in many of these countries, especially those within Traditional
Agrifood Systems. As such, these subsidies are being implemented under conditions where
productivity levels are low by global standards and where food insecurity is widespread.
In addition, the subsidies are focused on a narrow range of crops, which has implications
for diversi cation levels. By contrast, output support is provided more often in modern
agricultural systems, to support farmers’ incomes and to ensure continuity in agricultural
activities. These modern systems have high productivity levels by global standards and a low
incidence of food insecurity.

Given that the choice between the various forms of support is often motivated by the
overall structure and challenges faced within a country’s agricultural sector, it is not possible
to infer a causal relationship between a government’s support to input or output markets
and the sustainability indicators.® That said, the type of support provided and the way it is
implemented has important effects on outcomes for sustainability.

6 Data constraints are also important. Although Anderson’s database is the most comprehensive, it has many
gaps, particularly on the coverage of support to agricultural input use.
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2019) and may jeopardize other governments’ efforts to protect the natural environment.
The impact on food security will largely depend on whether the bene ciary households
are net buyers or net sellers of the supported commodity (or commaodities), as well as the
effects on other commodity markets and whether consumer compensation programmes are
in place.

Governments support agricultural outputs to achieve different objectives across countries.
In countries within Modern Agrifood Systems, support to commodity production has been
implemented to increase food availability in the post-World War 1l era, and later, to ensure
decent farm incomes and to maintain agricultural production in areas that are less attractive
for agricultural production. In countries within Traditional and Mixed Agrifood Systems,
governments use commodity output support measures to meet two objectives. On one
hand, they impose taxes on cash crops to ensure government revenue, particularly in those
countries where other sources of revenue, such as income taxation, are more dif cult to
implement. On the other hand, they provide price incentives to the production of staples,
to achieve national and household-level food security objectives. Additionally, governments
may intervene in the agricultural sector by providing subsidies to agricultural commodity
production. The average assistance provided to all outputs largely depends on the importance
of cash and staple commodities in the overall basket of agricultural production in a given
country, and the public resources available for subsidies. In the least developed countries,
the average assistance tends to be close to zero or negative (Figure 25).

0 FIGURE 25 Nominal Rate of Assistance to outputs, weighted averages from
1961 to 2011
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However, supporting agricultural commodity production has distortive effects on
commodity markets and results in misallocation of resources. The degree of distortedness
depends on the choice of policy instrument. In developed countries, production subsidies
may bene tagricultural producers, but impose an important burden on consumers, who face
higher prices. They lead to excess supply and reduce global prices for agricultural commodities,
negatively affecting farmers in developing countries that do not provide similar support, by
lowering their incentives to invest in productivity growth (Dorward and Morrison, 2015;
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be combined with direct payments to help the poorest households overcome short-term
dif culties. For example, decoupled cash transfers to farming households may help boost their
income, while avoiding the distortive effects on market incentives and leakages common in the
traditional agricultural subsidies. This is because unlike output or input support measures,
cash transfers to farm households are not tied to the production of a speci ¢ commodity and
do not require complex distribution channels. A combination of such non-distortive short-
and longer-term strategies is necessary to achieve productivity gains sustainably.

Ultimately, any intervention in the agricultural sector must be consistent with government
policy efforts within the sector and across other sectors of the economy. In many countries,
policy coherenceis of concern and more coordination between various government institutions
is needed, particularly on cross-cutting issues related to the environment, development and
planning, and social affairs.

0 BOX 7 Government support in OECD countries and selected
emerging economies

From 2016 to 2018, the agricultural policies applied in 53 countriesl provided
approximately USD 528 billion worth of support per year to their agricultural
sectors, according to the Organisation for Economic Cooperation and Development
(OECD) report Agricultural Policy Monitoring and Evaluation 2019 (OECD, 2019a).
More than two thirds of this amount was spent on policies creating transfers to
individual agricultural producers, while the rest was destined to the provision of
general services to agriculture and to support consumers of agricultural goods.

The supportto agricultural producers, measured through a Producer Support Estimate
and expressed as a share of gross farm receipts for cross-country comparisons,
has been declining in OECD countries for two decades. At the same time, it has
been increasing in the 12 emerging economies covered by the report (OECD, 2019a).
In recent years, the support provided has converged and followed similar, slightly
declining trends, largely driven by market developments rather than policy reforms
(Figure 26). However, recently, the support levels have started to diverge again.

Q FIGURE 26 Evolution of the Producer Support Estimate, 2000 to 2018
(percentage of gross farm receipts)

35

30 \ —

N
~———

\v/\ P
N~ o

H
T
Percentage

5 [
A4
i M/
“ \ \ \ \ \ \ \ \
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
—— 53 countries covered in the report ——— OECD countries —— 12 emerging economies
Source: OECD, 2019b. 49

59



Progress towards sustainable agriculture: drivers of change

BOX 7 (cont.)  Government support in OECD countries and selected
emerging economies

0 FIGURE 27 Composition of support to agricultural producers, 2016 to 2018
average (percentage of gross farm receipts)
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In most of the 53 countries examined in the report, a large share of the policy transfers
to individual producers are provided through support based on commodity outputs and
input subsidies (OECD, 2019a; see Figure 27). These two types of support are highly
production- and trade-distortive and act as disincentives to increasing productivity,
sustainability and resilience. OECD recommends removing such support, to improve
the functioning of domestic and international markets, reduce pressures on natural
resources, and free up limited public funds. Redirecting the funds to provide transitional
income support and invest in agricultural innovation, environmental protection and
resilience would better strengthen agricultural productivity and sustainability.

Note: The countries covered include OECD Member countries, non-OECD European Union Member
States and twelve emerging economies: Argentina, Brazil, China, Colombia, Costa Rica, India,
Kazakhstan, the Philippines, the Russian Federation, South Africa, Ukraine and Viet Nam.

Source: OECD, 2019a.
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8 Conclusions

This PROSA analysis has sought to shed light on the key factors that drive changes in the
indicators that measure the sustainability of agriculture, at the country level. This paper,
therefore, presents evidence-based insights into the key actions required to transition
towards a more sustainable agricultural development pathway. Based on the analysis,

ve major driving forces that shape the sustainability indicators are identi ed: population
dynamics, farm size structure, inequality, global integration, and government support.
For each, depending on the decision maker’s context, this paper identi es practical solutions
to ensure that the interventions contribute positively towards sustainability.

The ways in which each driver affects the multiple dimensions of sustainability highlights
the interconnections, synergies and trade-offs that must be managed in different global
contexts to achieve agricultural sustainability. Achieving sustainability in agriculture cannot
be seen in isolation from achieving overall sustainable development. Unless stressors that
affect agricultural production are addressed, SDG target 2.4 is unlikely to be achieved by
2030. Many solutions, as discussed in this report, focus on addressing the socio-economic
circumstances of rural populations. Therefore, policymakers should focus their efforts on
creating a positive enabling environment for sustainable structural transformation, supported
by strong anti-poverty measures. Simultaneously, they should also ensure actions against
environmental degradation, and target increased ef ciency in the use of natural resources.

Given the nature of agriculture, which is inherently bound with both the biophysical and
social spheres, there is no single solution. What works for a land-abundant country may not
be applicable to a country with limited land resources. However, there are a few exceptions.
For instance, the ght against gender and income inequality is crucial across countries. In
order to increase sustainability across social dimension.

Work on striving to understand both the sustainability criteria and the drivers behind
them should continue. Currently, there is considerable heterogeneity in countries’ starting
positions along various dimensions of sustainability. However, the end goal is the same:
ensuring that future generations enjoy access to productive, clean and healthy land that
produces nutritious food for all.
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Annexes

Annex 1. List of countries by agrifood system group

€ TABLEAL List of countries by agrifood system group

Igggr;gge Country name Agrifood system group
AFG Afghanistan Traditional Agrifood Systems
ALB Albania Capital-Intensive Mixed Agrifood Systems
DZA Algeria Land-Intensive Mixed Agrifood Systems
AGO Angola Traditional Agrifood Systems
ARG Argentina Modern Agrifood Systems
ARM Armenia Land-Intensive Mixed Agrifood Systems
AUS Australia Modern Agrifood Systems
AUT Austria Modern Agrifood Systems
AZE Azerbaijan Capital-Intensive Mixed Agrifood Systems
BHR Bahrain Modern Agrifood Systems
BGD Bangladesh Capital-Intensive Mixed Agrifood Systems
BLR Belarus Land-Intensive Mixed Agrifood Systems
BEL Belgium Modern Agrifood Systems
BEN Benin Traditional Agrifood Systems
BOL Bolivia (Plurinational State of) Land-Intensive Mixed Agrifood Systems
BIH Bosnia and Herzegovina Land-Intensive Mixed Agrifood Systems
BWA Botswana Traditional Agrifood Systems
BRA Brazil Land-Intensive Mixed Agrifood Systems
BGR Bulgaria Land-Intensive Mixed Agrifood Systems
BFA Burkina Faso Traditional Agrifood Systems
BDI Burundi Traditional Agrifood Systems
KHM Cambodia Capital-Intensive Mixed Agrifood Systems
CMR Cameroon Traditional Agrifood Systems
CAN Canada Modern Agrifood Systems
CAF Central African Republic Traditional Agrifood Systems
TCD Chad Traditional Agrifood Systems
CHL Chile Land-Intensive Mixed Agrifood Systems
CHN China Capital-Intensive Mixed Agrifood Systems
HKG China, Hong Kong SAR Modern Agrifood Systems
CoL Colombia Land-Intensive Mixed Agrifood Systems
COM Comoros (the) Capital-Intensive Mixed Agrifood Systems
COG Congo (the) Traditional Agrifood Systems
CRI Costa Rica Capital-Intensive Mixed Agrifood Systems
Clv Cote d'lvoire Land-Intensive Mixed Agrifood Systems
HRV Croatia Modern Agrifood Systems
CcuB Cuba Land-Intensive Mixed Agrifood Systems
CYP Cyprus Modern Agrifood Systems
CZE Czechia Modern Agrifood Systems
PRK CERMESTENE PEEEIEs RealEs Traditional Agrifood Systems

of Korea (the)
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ANNEXES

Annex 2. The PROSA Global Analysis — methodological note

The PROSA Global Analysis adopts a multistage mixed method framework to identify key
drivers, and speci c relationships with the sustainable agriculture indicators that are
empirically robust, conceptually valid, and relevant to policy interventions. The PROSA
Global Analysis approach entails the following ve steps.

Step 1. Review literature to identify drivers of sustainable agriculture and their impact on
sustainable agriculture sub-indicators

The PROSA Global Analysis began by compiling a broad list of drivers that were likely to
in uence changes in SDG indicator 2.4.1’s sub-indicators of sustainable agriculture, and their
relationships with those sub-indicators. The report restricted its focus to drivers that can be
in uenced directly by policies and can be quanti ed and aggregated to the national level. As a
result, critical biophysical drivers of agricultural change, such as rainfall, temperature, and
soil nutrient content, were not considered. This initial list of drivers was developed through
a combination of extensive reviews of empirical and theoretical studies, combined with
consultations with thematic experts within FAO. A total of 13 driver groups and 30 drivers of
agricultural change and sustainability were identi ed in both peer-reviewed and grey literature.
The relationships between these drivers and the sub-indicators were then categorized based
on the direction of the relationships found in literature. The inventory of reviewed literature
and the full display of driver/sub-indicator relationships is available upon request.

Step 2. Identify quantitative proxies for the drivers

The next step was to screen publicly available global data, to identify quantitative variables
to proxy for the respective drivers for which data are widely available temporally and
geographically, and that lend themselves to conceptually clear interpretations. Sixty-eight
quantitative proxies for the 32 drivers were identi ed and for which data was collected.
In most cases, several measurements are possible. Where multiple potential proxies of
drivers of agricultural change exist, they are often highly correlated, creating analytical
challenges for assessing independent relationships between drivers and sub-indicators of
sustainable agriculture. To reduce the intercorrelations to the extent possible, a preselection
of driver indicators was made to include the most valid and reliable proxies, with the widest
country coverage.

Step 3. Select drivers to analyse

The selection of key drivers of change in sustainable agriculture and their quantitative
indicators included in this report was done through an iterative process, based on: (1)
relevance in literature; (2) reliability and country coverage of the driver proxy; and (3) clear
visual relationships with the sub-indicator proxies. Additionally, drivers that were speci c
to sustainable agriculture and had narrower measurements for more focused policy analysis
were prioritized.

Government support to agriculture, for instance, can be measured in terms of nominal
rates of assistance to agricultural outputs and inputs, total government spending outlays
to agriculture per capita, or the ratio between the share of government expenditure to
agriculture and the agriculture share of GDP. Nominal rates of government assistance
were selected due to wider country coverage, and better ability to distinguish the type of
government support for a more focused analysis.

According to these speci cations, ve key driver groups emerged:

1. demographic factors including population dynamics and rural-urban changes, measured
as the ratio of youth and rural population growth to total population growth;
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2. inequalities in the distribution of income and access to resources, and gender-related
inequalities, measured as the Gini index and the Gll;

3. structure of the farming sector, measured as the average farm size and degree of
mechanization;

4. integration of the agricultural sector into the global economy, measured as foreign
direct investment in ows into agriculture and the share of exports in agricultural
production;

5. governmental support to the agricultural sector measured as nominal rates of
government assistance to agricultural inputs and outputs.

In addition, a group of general country characteristics are included in the subsequent
empirical analysis, to control for the general state of the economy in order to better isolate the
incremental effect of the key drivers of sustainable agriculture independent of the economic
conditions of the country. The country characteristics include proxies for education levels,
nationwide infrastructure, institutional structures to support sustainable agriculture, GDP
per capita, and labour force composition.

Step 4. Empirical analysis using computational selection procedure

To quantitatively identify the most powerful interactions between drivers and sub-indicators
of sustainable agriculture, an empirical approach known as the Least Absolute Shrinkage
and Selection Operator (LASSO) approach is used. The LASSO approach allows for the
selection of drivers that exhibit quantitatively strong relationships with the sub-indicators of
sustainable agriculture (see Box 8 for details on the LASSO approach).

In particular, the LASSO approach addresses many of the empirical challenges of an
assessment of these relationship at a national scale. A fundamental challenge of the empirical
identi cation of driver/sub-indicator relationships is that, in principle, each of the potential
drivers identi ed can in uence each sub-indicator. This causes dif culties for standard
econometric approaches, including multi-collinearity between drivers, the possibility of
reverse causality and hence identi cation problems, and overspeci cation due to the
inclusion of a large number of independent variables (drivers) with a limited number or
sparse observations for some countries or drivers. The LASSO approach is designed to
address these challenges by excluding drivers from speci ¢ sub-indicator interactions when
country-level data coverage and observation numbers are limited.*

Q BOX 8 Implementation of the LASSO approach

The LASSO procedure (Tibshirani, 1996) is based on the minimization of squared
residuals. However, it also minimizes the absolute value of all estimation coef cients,
such that some independent variables can be excluded from the estimation:
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Through the multiple steps of the PROSA Global Approach, the 68 potential drivers of
agricultural change are reduced to ve key driver groups. These drivers are empirically
and conceptually associated with the proxy sub-indicators of SDG indicator 2.4.1, through
29 relationships analysed in detail in the study.

4 FIGURE Al Selected driver/sub-indicator relations from literature review
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€ FIGURE A2 Selected driver/sub-indicator relations from LASSO results
(2007-2016 average)
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4 FIGURE A3 Final selection of relationships between drivers and sustainable
agriculture sub-indicators, based on literature review and
machine learning — LASSO analysis
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