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Abstract

Challenges related to poverty, hunger, nutrition, health, and the environment are widespread and urgent.
One way to stress the urgency of making the right decisions about the future of the global food systems
now is to better understand and more clearly articulate the alternative scenarios that food systems face.
Developing, synthesizing, and presenting such alternatives to decision makers in a clear way is the
ultimate goal of e CGIAR Foresight team.

No single source of information focuses regularly and systematically on the future of food and agriculture,
and challenges facing developing countries. Our work aims to fill that gap with a focus on agricultural
income and employment.

group systematically collects information about past, on-going and planned foresight activities across
CGIAR centers and their partners, spanning the global agricultural research for development arena

We present a comprehensive overview and synthesis of the results of relevant foresight research, which
through the tagging with metadata allows for customized investigations in greater detail. The cross-
cutting nature of this work allows for a more comprehensive picture and assessments of possible
complementarities/trade-offs.

Potential users of this report and associated activities include CGIAR science leaders and scientists as well
as the broader research community, national and international development partners, national
governments and research organizations, funders, and the private sector.

The approach developed by the CGIAR foresight group is used to make foresight study results accessible
across organizations and domains in order to aid policy and decision makers for strategic planning. The
approach allows visualization of both the available information across multiple entry points as well as the
identification of critical knowledge gaps.

Highlights

e Investments that lower costs of getting farm produce to market lead to the largest gains in per
capita incomes in Latin America and sub-Saharan Africa.

e Rural households in South Asia and sub-Saharan Africa will follow trends observed in East Asia
and Latin America towards increasing diversification of livelihoods, especially towards more non-
farm work.

e Emerging evidence suggests that trends towards increasing numbers of medium size farms in
Africa will continue in the future, with potentially major implications (both positive and negative)
for agricultural technology adoption and labor demand.

e Investments in agricultural research to close the yield gap in developing countries are projected
to generate future benefits of about USD 7 trillion in 2050, mostly in Asia.

e Digitalization of agri-food systems will play an increasingly important role in finance and extension
services, markets and value chains, safety nets and risk mitigation strategies, with potentially
profound impact on agricultural income and employment.
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Introduction

Food, land, and water systems are facing unprecedented change. The world’s population is projected to
grow to approximately 10 billion people by 2050, while aging and declining in some regions. Global
average incomes are expected to keep increasing at a slow but steady pace. With increasing incomes and
the ability of consumers to purchase more and better food in combination with population growth, food
demand is projected to grow substantially over the next three decades. Meanwhile, demographic changes
and economic development also drive urbanization, migration, and structural transformation of rural
communities. Currently, humanity is approaching or exceeding planetary boundaries in some areas, with
over-use of limited productive natural resources such as water and phosphate, net emissions of
greenhouse gases, and decreases in biodiversity. This all is aggravated by continuous climate change.

Much is published about food and agriculture, but no single source focuses regularly and systematically
on the future of agriculture and food systems, particularly on the challenges and opportunities faced
by developing countries. This working paper is part of an effort by the CGIAR foresight team to help fill
that gap. The effort recognizes that there is much to learn from past experience, and there are
clearly many urgent and immediate challenges, but given the pace and complexity of change we are
currently experiencing, there is also an increasing need to look carefully into the future of food, land, and
water systems to inform decision making today.

The work can be distinguished from other efforts related to food and agriculture (e.g. ISDC’s 2018 volume
edited by Serraj and Pingali, FAO’s annual State of Food and Agriculture report (FAO 2020; 2021; 2019),
IFAD’s periodic Rural Development Report (IFAD 2016; 2019; 2021), OECD-
FAQ’s annual Agricultural Outlook report (OECD and FAO 2020; 2021),the World Bank’s World
Development Report (World Bank 2008; 2010; 2021), and others) in terms of time horizon, geographic or
thematic focus. The work adds to other foresight analyses, e.g. studies by IPCC (2019), AgMIP (Elliott et
al. 2015; Robinson et al. 2014; Antle et al. 2016; Challinor et al. 2018; Rosenzweig et al. 2013,
2018), TWI2050, WRI (Dumas et al. 2019; Carter et al. 2021), GCA (Loboguerrero et al. 2018), the EAT-
Lancet Commission (Willett et al. 2019), and note also the recent perspectives on One CGIAR in Food
Policy (Barrett 2020).

We note that much existing work on the future of agriculture and food systems offers a
global perspective, often focusing on diets and health, or land conversion and greenhouse gas emissions.
Ourintent is to focus on the future of agriculture and food systems from a developing country
perspective, i.e. within a global context but with greater focus on livelihoods, food security and
nutrition, and impacts of climate and other environmental change on vulnerable populationsin
developing regions.

Our goal isto provide strategic foresight rather than a more tactical perspective, with a broader and
longer-term horizonto support a shared information base for decision-making rather than
recommending specific priorities. This is clearly aligned with the special need and opportunity provided
by the One CGIAR reform process (CGIAR System Organization 2021; Barrett, 2020). In this process there
is a focus on projecting potential benefits of investments in the CGIAR research portfolio in the five impact
areas of CGIAR, namely, income and employment, improved health and nutrition, gender equity and social
inclusion, climate change adaptation and mitigation and environmental sustainability and safeguarding
essential biodiversity.

Moreover, we recognize the special urgent and immediate concerns arising from the current global
pandemic that has direct links to the food system, with implications for food systems not only this year
but into the future.



To that effect we are developing a series of discussion papers focusing on particular aspects of complex
dynamic agri-food systems in transition. The consolidated effort draws on the unique expertise and
experience of all CGIAR Centers and CGIAR Research Programs, including the CGIAR foresight community
of practice, as well as partner (and other) organizations around the world.

The current manuscript focusses on agricultural income and employment. In this discussion paper we
explore how capital endowments, agricultural technology and finance services, livelihood strategies, and
markets and value chains are likely to interact in the future. By endowments we mean land, physical,
financial, and human capital. We particularly examine how primary drivers exogenous to agri-food
systems are expected to affect income and employment opportunities of present and future CGIAR target
beneficiaries.

We take a systems approach — focusing on drivers, pressures, states, impacts and responses — to structure
the narrative, placing the systems approach in a foresight context to better illustrate what we already
know about the projected impacts of alternative investments in different agricultural-oriented
development domains in the future. This approach allows us to highlight the alternative development
pathways available for the resource poor in low- and middle-income countries. It also allows us to
explicitly consider social inclusion and inequality issues under such contexts.

Rural transformation is key component of how climate change, overall economic development and
population growth (as well as aging and decline in some areas) will increasingly drive urbanization,
migration, and rural transformation in developing countries, offering opportunities for some and
increasing vulnerability for many.

CGIAR’s international agricultural research generates substantial benefits for its target populations (e.g.,
over 4 billion dollars annually for wheat alone (Lantican et al. 2016) that vastly outweigh total R&D
investment across the system, in line with past findings on the benefits of agricultural R&D for small
holders (Evenson and Gollin 2003; Renkow and Byerlee 2010; Raitzer and Kelley 2008),foresight studies
on projected future benefits (Rosegrant et al. 2017; Prager and Kruseman 2021) show how these trends
might continue and offer insight as to different geographical and thematic priorities.

Unpacking the drivers and pressures affecting the relationship of agri-food systems with income and
employment and linking this understanding to investment decisions is a complex task. Figure 1
summarizes the overall conceptual framework on how these major changes shape decision making for
the target beneficiaries of the CGIAR.
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Figure 1: Drivers and factors affecting agricultural income and employment.

Figure 1 illustrates four conceptual levels (in red) having direct and indirect relationship on agricultural
income and employment. These levels were tackled in the previous sections to better understand the
available information in terms of their respective importance from a foresight perspective. They will also
be considered in this section to better highlight the main insights, conclusions and gaps for future research
within each of these domains in relation to income and employment. An important element is that
population growth and levels of overall economic development do shape the options and agricultural
production possibilities that can be seized by smallholders in low and middle-income countries. These
drivers are further compounded by the effects of climate change. Most of these drivers will keep
emerging, as contextual elements, when analyzing/reflecting on functional relationships between the four
highlighted conceptual levels on one hand, and agricultural income and employment on the other hand.

In the following sections we will address these key issues. In section 2, we discuss livelihood endowments
and strategies. In section 3, we discuss production technology, finance, and extension services and how it
relates to stimulating income and employment. In section 4, we discuss markets and value chains. In the
process we determine what the key drivers, pressures and response mechanisms are that are of
importance for priority setting of investment decisions related to agricultural research for development.



Livelihood endowments and strategies

A livelihood refers to the totality of people’s lives and includes capabilities, assets, and activities that are
required to sustain a standard of living (Scoones 1998). People live in specific vulnerability contexts and
they draw upon their assets to generate a livelihood, these assets interact with agricultural technologies,
policies and institutions to shape livelihood strategies that in tun effect livelihood outcomes, such as
income (cash and in-kind income), as well as the social institutions, gender relations, and property rights.
Five broad types of assets include natural capital, financial capital, physical capital, social capital, and
human capital. Here, we focus on the livelihood strategies of farm households that are determined and
shaped by their underlying livelihood resources or endowments, and how these strategies ultimately
affect outcomes such as income and employment (Ellis 1998). Foresight analysis can examine the effect
of temporal changes in endowments on livelihoods strategies and outcomes. However, the focus of
foresight studies has been on the changes in human and natural capital which in parts have direct
implications on the other capitals. Foresight studies typically use quantitative methods like mathematical
programing models (Berger et al. 2017; Kruseman, Bairagi, et al. 2020) and this makes it hard to examine
adequately social capital (such as involvement in social networks, which are often qualitative data) and
given the limited access to financial assets for many farm household in developing countries, social and
financial capital are less studied in foresight analyses than human and natural capital.

Human capital includes, for example, education, skills, and labor. Population growth leads to relative
scarcity of land resources per personin the absence of movement out of agriculture. Economic
development has long been recognized as partly associated with structural change, occurring when
members of the workforce, including young people and women, leave agriculture for more remunerative
jobs in other sectors (Kilby and Johnston 1975; Chenery, Syrquin, and Elkington 1975; Mueller and Thurlow
2019) . Labor migration, whether it is rural-rural, rural-urban or international out-migration, changes the
relative labor supply in different areas with different dominant economic sectors. While urbanization is
expected to influence food consumption patterns, farm size is however supposed to influence
food supply (Fan et al. 2013) Furthermore, specific implications of changing gender roles influence the
human capital dynamics on farms. Female participation in paid employment is expected to change over
time due to improved education participation with two effects: better education leads to higher female
participation, but higher education also leads to delayed entry of women in the workforce(Fouré, Bénassy-
Quéré, and Fontagné 2013) ). In the case of sustainable intensification of agricultural systems, increasing
labor demands may burden women disproportionately more than men in the future, especially if hired
labor is not readily available(Gatto et al. 2020) .

Natural capital, in the farming context, builds on available land and water resources. It should however
be noted that this is not only about the quantity of available land but also the quality of land. Pressures
such as land degradation and desertification affect the quality of land endowments in many parts of the
world. This is exacerbated by water shortages. (These points will be discussed further in section 3.3.) As
we try and plan for changing human capital endowments, foresight analysis plays a critical role in helping
us understand the future dynamics of land endowments (natural capital) in these contexts. In high-
income countries the process of reduction in the number of farms and hence the increase in average farm
size has been ongoing since the mid-20th century (Kislev and Peterson 1982; MacDonald et al. 2013;
Hermans et al. 2017) . There is a positive correlation between GDP and average farm size (Adamopoulos
and Restuccia 2014). Rural transformation processes in Latin America lead to parallel development
pathways for small, medium and large-scale enterprises (Kruseman et al. 2020) The key question is what
this will mean for farm size development in the future, particularly in low income countries in sub-Saharan
Africa and Asia under simultaneous population and GDP growth. Intensifying land scarcity potentially
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increases processes such as rural-rural migration to areas where land is still available, and potentially puts
greater pressure on non-farm sectors to absorb rural labor in densely populated areas (Jayne, Chamberlin,
and Headey 2014) . Land aggregation and capitalization is in part due to foreign direct investment driven
by land fees that are either small or lacking (Zerfu Gurara and Birhanu 2012; Santpoort 2020) . Rosegrant
et al. (2017) project that the per capita availability of land will decline in many developing regions in the
future. For example, in Asia, this ratio was 0.033 land per person in 2010, and it is expected to decline to
around 0.026 in 2050, a 22% decline. The largest percentage decline is projected in south Asia (31%). Land
fragmentation and small farm size is a common phenomenon in many developing countries. The average
size of farms in Bangladesh, for example, is about 0.68 ha. In Egypt, 50% of farmers are cultivating less
than one ha of land; while the average farm size in China, Indonesia, and Vietnam is respectively about
0.4 ha, 0.8 ha, and 0.7 ha (Larson et al. 2016). Generally, farmers smaller than one ha of landholdings can
hardly fulfil their subsistence requirements through agriculture (Niroula and Thapa 2005).

Resulting Livelihood strategies. The livelihoods endowment and developments are used by households to
develop their livelihood strategies. These go beyond the farming components of the income portfolio and
do include off farm activities such as wage employment or migration. A gap in current foresight work
appears when looking at the interactions between farming choices and off farm income opportunities.
Off-farm employment as an alternative for parts of farming household’s income portfolio has been
identified as one avenue to reduce land pressure. For agricultural incomes the options can be summarized
as “hanging-in” (maintaining current position under adverse conditions), “stepping-up” (expanding
current activities through investments) and “stepping-out” (using current activities to accumulate assets
to provide the base for new endeavors) (Dorward et al. 2009) .

The complex linkages been agricultural growth and poverty reduction require precision on the treatment
of what is meant by poverty and, likewise, the mechanisms of how sectoral dynamics can serve to
potentially contribution to poverty reduction. Poverty can be defined broadly or narrowly. When
considered broadly, poverty is widely recognized as a multidimensional phenomenon that accounts for
multiple deprivations including, for example, adequate access to services such as education and
healthcare that are often publicly provided. Prager and Kruseman (2021) using the IMPACT model results
and semi-elasticities that vary with the poverty line and gini-coefficients, estimate high returns to
investment in international agricultural research for development in terms of poverty reduction. These
calculations support the idea that agriculture can serve as a mechanism to reduce gender disparity in
agriculture development.

Implications of natural capital dynamics. The recurrent choices a household is making in this context are
determined by their initial endowment and its anticipated evolution, among others. In the small farm
context, these choices can already be limited (factually or perceived) as the financial returns have to cater
for various household cash needs. Within the household these choices are further refined within the
context of cultural norms, practices and institutional arrangements which may inhibit parts of the
population from making specific choices. Their natural capital might be constrained as they may for
example not be allowed to own land and thus not invest in longer-term agricultural practices — which
frequently happen to be the more sustainable/environmental-friendly ones (such as agroforestry or
conservation agriculture). Productivity-enhancing technologies of dryland crops (cereals and
legumes) have been shown to increase household incomes and also provide incentives for conserving soil
moisture and fertility (Nedumaran et al. 2014). Bio-economic modeling in Malawi assessed how
subsidizing the price of mineral fertilizer would reduce legume area planted, but still increase farm income
as fertilizer use and therefore maize production increase (Komarek et al. 2017). Other studies using bio-




economic models show that subsidizing cultivation of rice on lowlands in Sierra Leone would increase
farm profit but not caloric intake, suggesting a caloric-income tradeoff (Roza et al. 2017) .

Implications of human capital dynamics. These factors already often lead to coping mechanisms like
migration to seek more lucrative or generally viable livelihood options elsewhere. If this migration is
partial, it puts further pressure on the endowment of the household members who are left behind as
labor and capital resources are needed or used for other ventures. Extension or other education programs
can play a role here by lifting the human capital stock and broadening the choice windows available to
these households and enabling them to generate higher incomes. Therefore, different development
pathways identified with foresight analysis are crucial for identifying the changing livelihood strategies
within rural transformation processes. Migration and structural shifts that move large parts of the rural
population away from agricultural production can have direct and potentially serious consequences for
food production and availability as well as the natural environment in which food is produced (see also
sections 3.2 and 3.3). Livelihood strategies must balance among tradeoffs between having fewer people
for manual labor vs receiving remittances, among others. Additionally, resource conservation or re-
generation efforts most often are labor demanding and migration further limits households’ ability to
implement these. However, by and large, migration does not negatively affect agricultural production, as
households shift on one of several margins to reduce the lost labor impact (De Brauw 2019) .

Each of the types of capital can interact with agricultural technologies to influence livelihood outcomes.
For example, Population growth, which is projected to continue for SSA, is one of the main determinants
of income opportunities from farming as the per-person income from fixed land sizes will fall under
current practices. This has been analyzed for Malawi highlighting that, by 2050, per-person crop
production and income may fall by 21% compared to 2013 values if current farming practices prevail.
However, assuming yield-enhancing technology adoption, per person crop production and income could
increase in 2050 by 8% compared to 2013 values (Komarek and Msangi 2019).

Implications of the context. A common livelihood improvement strategy centers on increasing agricultural
productivity; however, the evidence on the role of agricultural productivity in assisting households move
above the poverty line is mixed. For example, the prospects of generating incomes above the poverty line
for small farms from on-farm production are limited (e.g. Harris and Orr 2014; Harris 2019; Gassner et al.
2019). Therefore, simply raising the productivity of smallholder farmers will not likely be sufficient to solve
the rural income or poverty issue in the future. Stimulating the rural non-farm economy and creating jobs
are complementary policies for smallholders to improve their livelihoods (Wiggins et al. 2010). Agricultural
incomes are not generated in isolation and are always embedded into the larger economy. Households
therefore make choices between their various income generation activities (such as crops, livestock, non-
farm and off-farm) where agricultural (and other) choices are embedded into the resulting livelihood
portfolios.

One of the key contextual factors in livelihood analysis is the vulnerability context households must live
with as it can alter the availability of assets and change the mindset of people, and ultimately livelihoods
outcomes such as income or food supply. The inherent risk in agricultural production further
constrains strategy. Risk management has always played a major role in farm household decision making
in all geographies and across time. Risk can be linked to abiotic stress such as climate change (Tesfaye et
al, 2018) that leads to water and heat stress (Deryng et al. 2014; Cairns et al. 2013; Chung et al. 2014;
Gbegbelegbe et al. 2014; Tesfaye et al. 2018) or biotic stresses, such as pests and diseases (Duku et al
2016; Mottaleb et al. 2019; Mottaleb et al. 2018; Yigezu et al. 2010) , market risk (Yigezu and Sanders
2012), institutional risk, individual risk (like health or safety), and financial risk. Most studies on risk in the
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agricultural systems literature examine only production risk or production and market risk. Although these
are major risks facing farmers, farmers often face multiple risks at the same time and without examining
all the risks farmers face simultaneously, developing holistic options to manage risk will be hampered
(Komarek et al. 2020).



Production technology, finance and extension services

With sustained or rising demand for agricultural commodities in developing countries (Sharma 2014; Alae-
Carew et al. 2019; Zhou et al. 2016; Desiere et al. 2018), increased production efficiency should lead to
higher producer incomes (Michler 2020; Zhang et al. 2018). A standard assumption arising from this
observation is that smallholder producers who traditionally have grown the commodities that are now
seeing higher demand (e.g., cereals, vegetables, fish and livestock products) will gain economically as they
ramp up their production to meet this demand (Enahoro et al. 2018; Baltenweck et a;. 2020). This is often
facilitated by more reliance on improved inputs (Michler, 2020) and mechanization. The adoption of new
crop technologies (e.g., water -stress-tolerant or heat-tolerant rice and cereal varieties) and/or
management practices soils (e.g., such as Zero tillage, crop-livestock integration, forage seeds systems,
livestock breeding programs, etc.) will be key to this outcome (see Dawe et al. 2014; Yamano et al. 2016;
Larson et al. 2016; George 2014; Arouna et al 2017). Investments in national and international agricultural
research -potentially increase the availability of such technologies in developing countries, and could lead
to increases in both productivity and producer incomes among other benefits. A 2006 study showed that
an aggregate investment of 7120 million (in 1990 US dollars) in the CGIAR resulted in research benefit—
cost ratios ranging from 1.9 to 17.3, depending on scenario, with the true value of benefits likely in excess
of even the upper bounds of these results (Raitzer and Kelley 2008). At least one study has suggested that
the positive benefits to international agricultural (CGIAR) research may have been in the form of
production increases rather than productivity gains (Evenson and Gollin 2003). However, other studies
cite large scale crop genetic improvements (e.g., Renkow and Byerlee 2010; Maredia and Raitzer 2012);
as well as (geographically) localized positive impacts on productivity growth and income generation (Alene
et al. 2009; Alene and Coulibaly 2009). Broader overview of global agricultural research investments in
Asia and SSA with precise estimates that can inform research prioritization can be found in (Raitzer and
Maredia 2012; Adetutu and Ajayi 2020). In many countries that could potentially benefit from research to
increase agricultural productivity, large-scale interventions are however needed that will enable
smallholders to overcome other struggles, such failures in agricultural input and output markets, from low
availability of and access to appropriate technology, to inadequate finance support, and limited market
options (Dillon and Barrett 2017). On a global level, projections to 2050 showed that investments that
lower costs of getting farm produce to market likely lead to the largest gains in per capita incomes in Latin
America and sub-Saharan Africa (Rosegrant et al. 2017).

Work by Alene and Coulibaly (2009) showed that agricultural research is reducing the number of poor
people in the low and middle-income countries by 2.3 million annually; while forward-looking
assessments have estimated the potential income gain from additional investments in international and
national agricultural research investments, to the national economies of developing countries at
USD 6.53 trillion by 2050, and up to USD 6.94 trillion if global effects are accounted for (Rosegrant et al.
2017). An ex-ante study by Balié et al. (2021) regarding prioritization of agricultural research in the
Philippines estimated that the optimal allocation of funding across crops generates aggregate economic
benefits of more than USD 950 million, lifting 880 thousand people from poverty. In addition to this,
optimal allocation generates additional income of USD 79 million per yar compared to standard rule-of-
thumb (allocation proportional to value of production). Research by Mottaleb et al. (2017) found that a
successful drought-tolerant rice variety could provide yield gains of between 1.71 % and 8.96 % in South
Asia under different climate conditions, with economic benefits that more than outweigh the initial
investments. In the case of virus-resistant peanut varieties in Uganda, an ex-ante analysis by Moyo et al.
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(2007) showed that huge research benefits can be generated from the adoption of these varieties. In
particular, the estimated benefits of adopting Rosette-resistant varieties would reach USD 35.6 to 62.0
million (open economy assumption) and USD 34.0 to 58.3 million (close economy) over fifteen
years. Similar ex ante analysis in Nigeria showed that higher cassava yield would increase average
household income by 0.2%,leading to aggregate benefits of USD 219 million per vyear,
poverty reduction by 0.2 percentage points,and lifting an estimated 385 thousand people out
of poverty (Minot and Huang 2019). Similar work showed that targeted investments in the livestock
sector in Sub-Saharan Africa and South Asia could improve producer incomes in these regions and food
security globally (Enahoro et al. 2019). Other studies have shown that vegetables, fruit and
aquaculture (Raitzer and Maredia 2012). The potential increases in income are substantial, with another
study finding that sustainable intensification of rice-based systems with potato may generate up to USD
800 million over a 20-year period in West Bengal in India and Bangladesh (Gatto et al. 2020). Other effects
of R&D investments would also relate to nutrition and hunger. Mason-D’Croz et al. (2019) estimated that
increased agricultural R&D can reduce the prevalence of hunger by 55 million people in Africa by
2050. These studies however do not assess farm-level benefits.

At the farm level, investments to enhance total factor productivity through technology adoption have
however been found to be less likely associated with employment or income creation in low-income
countries compared to what will occur in lower-middle-income or upper-middle-income countries
(Fuglie et al. 2019; Ugur and Mitra 2017). For many small farms, gains from adopting improved
technologies may not be enough to assist households out of poverty, an observation found to hold for
producers of both crops (e.g. Harris 2019; Harris and Orr 2014) and livestock (Minten et al. 2020). One
implication is the need for smallholders to establish collective farming and are supported by public funds,
as shown by oil palm smallholders in Peru (Bennett et al. 2019). Meanwhile, in Indonesia, formal land
titles and access to additional land are important factors for increased livelihoods of oil palm
smallholders (Krishna et al. 2017; Kubitza et al. 2018). Some forward-looking studies estimate that the
gains to closing yield gaps among the poorest farmers will likely accrue mainly to nutrition, as opposed to
incomes (Govaerts 2019; Tanumihardjo et al. 2020; Enahoro et al. 2018,; Gassner et al. 2019). The future
relationships between agri-food system and gender, poverty, and nutrition (GPN) are important, but
missing particularly as it relates to technology adoption. By using a system perspective to synthesize
existing agriculture and food foresight studies, Lentz (2021) has raised valid concerns about the risk of
deepening inequalities and nutritional and gender disparities to a greater extent without explicitly
capturing GPN outcomes into foresight work. Lentz (2021) pointed out that ignoring gendered barriers to
technology adoption could lead to promoting technologies that aggravate gender inequality. In this
regard, Lentz (2021) advocates for providing future foresight work that captures interactions, trade-offs,
and synergies across interventions and among outcomes.

Yield gaps and broader low factor productivity do have direct implications on farm incomes and weaken
the capacity of farmers to accumulate savings. The translation of productivity gains to higher incomes and
related benefits has been hindered by the lack of many enabling conditions. Evidence suggests that
technology intensification (technology transfer chains, availability and access, extension services
patterns), access to diversified and adapted financial services (including financial services that can help
deal with climate events and their impact on income and investment), access to better logistic and
marketing options (including organizational such as cooperatives, as well as logistical and infrastructure
related factors) could contribute to enhancing factor productivity in the future and to overcoming some



of the market failures faced by smallholder farmers (Collier et al. 2014; Larson et al. 2016; Dzanku et al.
2015; Van Ittersum et al. 2016). There is also evidence that infrastructure investments can lead
smallholder producers to commercial decision-making that aids the conservation of environmental
resources (Acheampong et al., 2018).The appropriate combination of these factors and needed solutions
for enhancing productivity and promoting sustainable development of smallholder farming have also
been found to be highly contextual, being heavily influenced by farm typologies, socio-ecological settings
and economic structure.

Agricultural investments do also actively contribute to labor markets in the rural areas of developing
countries. Distributional effects of employment growth, which are associated with the economic structure
and performance of relevant economic institutions, however, vary both between and within countries
(Rao 2012). Relying on published parameters of employment elasticities to GDP growth, Frija et
al. (2020) converted measures of agricultural income growth due to different (technology and non-
technology oriented) R&D investments, to estimates of employment generation for a set of 14 African
countries. The study, which utilized a quantitative foresight framework running simulations to 2050,
projected that agricultural research investments will have a higher impact on employment in Africa
compared to additional investments in infrastructure (such as irrigation, roads, electrification, land
development) that facilitate and enhance market integration. This result holds despite related
studies ( Rosegrant et al. 2017) indicating that market-enhancing investments will generate the highest
economic gains in sub-Saharan Africa (and Latin America) than elsewhere. According to Frija et
al. (2020), the different agricultural investments scenarios do increase female employment more than
male employment in 8 out of the 14 countries studied, a result closely reflecting the structure of their
agricultural sectors. The results suggest important gendered benefits could be gained in the future from
making agricultural research investments in key countries relevant to global development.

Investments complementary to agricultural yield improvement are particularly relevant in low resource
settings. This is the case for financial services that allow the adoption of costly technologies (Yigezu et
al., 2018), increased stability of farm incomes, and increased investments, including those related to the
management of critical natural resources (Balana et al. 2019). Access of farmers to credit and other
financial services and their impacts on farmers’ incomes are often-studied topics in agricultural
development. However, the issue of financial services has become even more relevant in light of
emerging challenges from climate change, and income risks from extreme climate events such as drought
and flooding, leading to the need for more diversified financial services to be developed, tested and
validated (Oostendorp et al. 2019). Financial solutions that stimulate or sustain self-employment seem to
be extremely important for the most marginalized rural populations with limited access to productive
assets, or that heavily rely on assets that are highly vulnerable to systemic risks from climate events or
agroecology (e.g., Taye et al. 2019). The need for financial services under these conditions will include
micro-credit and other forms of similar financial services for underserved populations and/or events, in
addition to social security programs, and schemes that can lead to coverage for men, women and youth
in seasonal agricultural sectors.

-Recent studies have worked to identify the best designs for safety nets to complement programs on
enhancing agricultural growth and rural transformation (See CRP PIM work on-social protection for
agriculture and resilience, under flagship 4: https://pim.cgiar.org/research/f4/). For example, recent work
has explored how index-based insurance could enhance climate resilience while addressing gender and
social inequalities for rural farmers in India and Bangladesh (Amarnath et al. 2019). Studies such as these
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provide a better understanding of how alternative instruments for social assistance delivery (e.g.,
insurance, cash, vouchers, food) perform in harmony or against one another, how to target beneficiaries,
and how large transfers ought to be. Attention is also turning to the role that demand-side investments,
mainly by private agents, will play an important role in providing incentives for smallholders to modernize
their production (de Janvry and Sadoulet 2020).

Appropriate policy research and increased engagement between research, policy and industry are also
important to support the upgrading of agricultural and livestock systems in developing countries to meet
employment generation and related aspirations (Enahoro et al., 2019b). An example of this are the
research-based livestock master plans (LMP) that help guide the investment planning of countries’
livestock sectors after the major political decisions on budget allocation have been made. LMPs build on
evidence in translating livestock production intensification and value chain development into
employment, nutrition and other gains for developing countries using a combination of foresight
modeling and stakeholder consultation. This evidence has translated into important development
outcomes. For instance, based on the Ethiopian LMP, the government has invested public funds to
improve primary production through improved animal genetics and vaccination programs to lower
ruminant morbidity and mortality (Shapiro et al., 2015). It is also establishing four agro-industrial parks to
support value-added processing {with the support of the EU and FAO}. Furthermore, private investment
of more than $250 million in the processing sector has taken place, including a USD 145 million investment
in two abattoirs by two meat export companies with large feedlots. The Government of Ethiopia and the
World Bank have also just launched a USD 170 million livestock sector program based on the
LMP. Growing demand from developing countries for LMP-type support provide avenues in the future to
further transform research outcomes into employment generation and related objectives of national
governments in countries in which the CGIAR is active.
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Markets and value chains

Future agricultural demand needs to be characterized (customer segments; product profiles),
strengthened and involve safer and more environmentally friendly foods from crops, livestock and
fish. Marwaha (2010) used a foresight study to show that supporting rural employment in the potato
sector in India would require a strong and sustained demand for potato products in domestic and foreign
markets. With rising urbanization across the developing world, retail food markets are changing. More
specifically, supermarkets are projected to grow in numbers and food safety issues are also projected to
become more important (Reardon & Berdegué, 2008). For some developing countries, ensuring food
safety for the masses would involve a flexible retail modernization approach that does not focus on
supermarkets alone (Wertheim-Heck, Vellema, & Spaargaren, 2015). Early work showed that informal
milk markets created more employment per unit of product than did formal markets in Kenya,
Bangladesh, and Ghana, and has been the bases for the longstanding involvement of CGIAR researchers
in dairy sector reforms in Kenya (Jabbar et al., 2020).

Marketing costs along agricultural value chains need to be reduced to support rural incomes and
employment. Adequate measures are required to minimize post-harvest losses, process agricultural
produce for longer shelf-life and mitigate the negative effects of climate change (Prager et al.
2021). Although processed food demand is increasing In addition, transport costs should be reduced to
facilitate movement of agricultural produce. In the poultry value chain in Mozambique (Karnani &
McKague, 2014), research was used to identify solutions where required. In addition, post-harvest losses
for some crops are related to market access and can be reduced through both breeding and post-harvest
measures (Minten et al., 2020; Ncube and Maphosa, 2020). Here, research should be used to identify the
most cost-effective mix of approaches required to minimize market costs and post-harvest losses for
staple food crops. Foresight analysis of livestock value chains in West Africa showed low capacities of
producers to meet higher and changing demand, with key interventions for impact found still to be
upstream, including improved herd disease and inventory management (Enahoro et al., 2021).

Some ex-ante studies have shown that building roads in addition to promoting agricultural productivity
generate greater benefits to smallholder farmers in some developing countries (Arndt, Jensen, Robinson,
& Tarp, 2000; Gollin & Rogerson, 2010) as some rural areas are still cut off from major roads and markets
(Gbegbelegbe et al., 2017). Apart from better road networks, digital resources and big data could be used
to reduce communication costs and ensure that smallholder farmer can easily access market information
for both inputs and outputs (Wossen et al., 2017; de Ruyter de Wildt et al., 2019, CTA 2019, AGRF 2019).
Digitalization of agriculture as part of livelihood strategies of the resource-poor depends critically on
markets and service provision, enabling policies and institutional arrangements more than on the
technology itself, e.g., mobile money based social safety nets depend critically on access to mobile
phones (Peterman et al.,, 2019), as is the case with picture-based insurance (Kramer et al., 2017). In
several parts of the world, COVID-19 pandemics have shifted several value chain activities, ranging from
the use of information and communication technologies to product delivery. Pandemics have increased
online transactions involving both direct transactions between the producers and consumers and
transactions in e-commerce, resulting in the rise of direct product delivery. With several restrictions
enforced to enter places with potential crows such as supermarkets, this trend is reducing the length of
the agricultural value chains between producers and consumers (Reardon et al. 2021).
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Good governance across agricultural value chains would require strong involvement from national policy-
makers who should strengthen market institutions where required (Pinstrup-Andersen & Pandya-Lorch,
1998). At the same time, the role of large-scale agricultural producers cannot be neglected (cf Pacheco et
al. 2020). For one, agricultural produce from farm and processors should meet minimum acceptable
standards to facilitate uptake by consumers; in addition, certification and tax systems targeting climate
change mitigation should be considered for value chains involving both crops, livestock and fish (Weindl et
al., 2015). Cost-effective price stabilization mechanisms should also be implemented for domestic and
export markets (Dawe and Timmer 2012; Poulton et al. 2006; Yadav et al. 2016). Better and stronger
linkages would also be required between researchers, extension personnel and policy planners along
value chains (Singh, 2010). Recent research in India and Kenya have highlighted the dominance of the
informal sector in agricultural value chains (Mishra and Dey 2018; Kiambi et al. 2020); in addition, it
appears that value chains which are dominated by the informal sector were not driven by retailers as seen
in formalized value chains. In other cases, informal sector actors also participate in the formalized value
chains through linkages with large formal sector actors, for example in the palm oil sector (Pacheco et al.
2020). Such knowledge has implications on the type of regulations and governance policies required to
enhance inclusive value chain development. In this regard, research can be used to assess and identify
adequate governance mechanisms for the complex agricultural value chains found in the developing
world (Devaux et al. 2018).

The participation in Global Value Chain (GVC) can significantly contribute to productivity improvement,
economic growth, job creation and poverty reduction (Rigo 2021; World Bank 2020). An increase of
participation in GVC could also reduce the competitiveness gap between small and large firms (Boffa et
al. 2021). However, appropriate policies and reforms are needed to curb barriers to market access for
small and medium size producers (Lee et al. 2012; Montalbano et al. 2018). Even though the role of
developing countries in GVC is increasing, the impact of resulting knowledge transfer on their innovation
performance requires more investigation (De Marchi et al. 2018), as well as the relationship between GVC
participation, technological progress, and environmental pollution (Wang et al. 2021). In addition, agri-
food value chains need to be well-integrated with the broader domestic economy in terms of growth.
Better integration of the farming sector with the other economic sectors would support rural
transformation and enhance rural employment and incomes (Kruseman et al., 2020b). Where rural-urban
transformation is currently happening, close monitoring and tailored policies would be required to ensure
net societal gains from the process. For example, Li et al (2019) found that creating a new town, enhancing
multi-skilled education and better integration of the farming sector with the industrial and services sectors
would be important to support future rural transformation in Miyun district, China (Li et al. 2019).
However, future urbanization and education when unaccompanied with agricultural innovations,
including mechanization, could have negative effects on future food security and the environment (Kuiper
et al. 2019). Indeed, rising urbanization and education could reduce the amount of unskilled labor used in
agriculture; hence, such labor would become pricier and could lead to higher food prices and worsened
food security. In addition, the fewer labor force involved in agriculture might turn to agricultural
extensification and this might worsen the negative impact of agriculture on the environment when
accompanied by expansion of agricultural land. In such case, sustainable agricultural intensification driven
by agricultural innovations including mechanization could reduce the negative impact of rising education
and urbanization. Many other foresight studies have identified policies on finance and education which
could help smallholder farmers in the developing world adapt to climate change (Habtemariam et al. 2016;
T. Wossen and Berger 2015; Yalew et al. 2018). These measures consist of enhancing farmers’ access to
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credit while strengthening their income-earning capacity (Dantwala 1989; Ebi et al. 2011; Habtemariam et
al. 2016). They also involve increasing access to extension services (Habtemariam et al. 2016). Additional
policies should aim to enhance skills in rural communities to make it easier for rural people to adapt to
future climate change by helping them transfer out of subsistence agriculture (Wossen and Berger,
2015; Yalew et al. 2018).

Shocks including conflicts, weather extremes, emerging plant diseases, and human diseases like covid-19
can have a big impact on the likelihood and intensity of adverse events affecting agricultural value chains.
Weather extremes are projected to increase in frequency or intensity in various parts of the develop
world. For example, droughts are projected to become more intense in central America and southern
Africa (Seneviratne et al., 2012). Small islands are projected to experience rising sea levels. Such events
will have adverse effects on agricultural production and would jeopardize the existence of entire
value chains. Already, most countries in sub-Saharan Africa have decided to enhance domestic food
production and reduce food import dependency given the shocks that have recently affected world food
prices and led to sharp increases in food import bills across the region (African Union 2014). Foresight
research should be used to identify adequate policies to enhance food security and reduce poverty amidst
shocks.
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Synthesis, outlook, and opportunities
Unpacking the drivers and pressures affecting the relationship of agri-food systems with income
and employment and linking this understanding to investment decisions is a complex task. Figure
1 (see introduction section) summarizes the overall conceptual framework on how these major
changes shape decision making for the target beneficiaries of the CGIAR.
It is not yet clear which interacting economic, institutional and social factors pose the most
limiting constraints to translating increased agricultural productivity to higher incomes, and as
such what combinations of enabling factors will be most effective. This dilemma is made more
complex by the highly contextual nature of solutions imposed by fundamental differences in farm
typologies and socio-ecological contexts. The high level of diversification in smallholder
agricultural production also poses an important challenge analytically. Context-specific
prospective and strategic planning of agricultural investments is still a largely underdeveloped
aspect of quantitative foresight work.
We can, however, summarize our findings from the analysis of foresight studies related to
agricultural income and employment in four key insights which we discuss below.
Insight 1: Investments in agricultural research to close the yield gapin developing
countries are projected to generate future benefits of about USD 7 trillion in 2050, mostly
in Asia. Complementary investments that improve infrastructure and natural resource
management increase the global estimate to nearly USD 10 trillion. Investments that
lower costs of getting farm produce to market could lead to the largest gains in per capita
incomes in Latin America and sub-Saharan Africa.

According to the papers reviewed in this work, agricultural research targeting productivity
enhancement is projected to have a positive effect on future income gains to the extent of 8.8
trillion USD in developing countries , and on employment creation in Africa (compared to other
infrastructure investments)). Agricultural research has been projected to help lift 2.3 million
people annually out of poverty in various sub-Saharan African and South Asian countries (. For
example, the adoption of improved rice varieties help lift 8 million persons out of poverty and
food insecurity in SSA .

This review also highlights the importance of considering the macro-economic contexts of
countries when doing sectoral foresight studies about agricultural technologies, income and
poverty. Economic structures, performances of institutions, welfare reallocation mechanisms,
and other macroeconomic parameters can be instrumental in generating expected impact of
agricultural modernization through intensive technology adoption and financial solutions in the
poorest developing countries.

Rural transformation, a major driver affecting overall agriculture development, in combination
with population growth and migration opportunities, has the potential to affect farm size and

this will, in turn, continue to modify the opportunity space within agri-food systems.

Insight 2: Emerging evidence suggests that trends towards increasing numbers of
medium size farmsin Africa will continue going forward into the future, with
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potentially major implications (both in positive and negative sense) for agricultural
technology adoption, urbanization and labor demand.

At the same time, further fragmentation of land will limit income generation options on small
farms and in turn likely cause increased pressures on cities and the need to provide more income
options outside agriculture. Studies in Africa indicate that intensifying land scarcity is expected
to increase rural-rural migration to areas where land is still available and put greater pressure on
non-farm sectors to absorb rural labor in densely populated areas . The increase in medium-size
farms in Africa can be the result of land consolidation as well as movement into new land. The
role of these two different forces requires more research with special emphasis on the political
economic aspects of these processes.

Rural transformation processes are themselves complex in nature and drive employment
opportunities and changing livelihood strategies. We observe migration and changes in structural
decisions around “hanging-in”, “stepping-up” or “moving-out” to use the terminology of (.

The debate on farm size, investment in land and the link to livelihood strategies is far from over
and a key component of the rural transformation discussion. Revisiting the “hanging-in, moving-
up or moving out” analysis in a foresight context is essential in the preparation of future-proof
policies and priority setting for agricultural R&D that will lead to technologies that come to
fruition in the future.

Diversification of livelihood strategies into activities outside the farm enterprise remains a
complex process. There are both push and pull effects, often in combination. Pushed because of
too many people for the land size (population pressure) or adverse weather pushes people to
look for work elsewhere, or pulled as more educated or general development means more
opportunities off-farm. Further research is needed to determine what consequences this has for
technology demand as agriculture itself is intensified.

Insight 3: Rural households in South Asia and sub-Saharan Africa will follow trends
observed in East Asia and Latin America towards increasing diversification of livelihoods,
especially towards more non-farm work. Investment in infrastructure and human capital
will be needed to make sure opportunities for increased incomes and employment are
inclusive.

Livelihood diversification is closely associated , for instance, with rural transformation and
urbanization, as a result of rural outmigration. In developing countries, rural transformation will
likely take place within the realms of cereal-based agri-food systems, as these will likely prevail
until 2050 As part of the rural transformation, urbanization holds the potential to reduce income
inequality in the future, but simultaneously may worsen food insecurity for the resource-poor
and negatively affect natural resources.

Youth unemployment is a major issue globally (Ripoll et al. 2017). Gender and youth were both
recently highlighted as the biggest gaps in foresight during a commissioned ISDC review on the
topic (Lentz 2021).

Of the many global dynamics, digitalization of agriculture is a potential game-changer for agri-
food systems in low and middle-income countries. Based on this, there is a quickly expanding set
of activities related to digitalization of agriculture within the CGIAR. Examples include
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the Platform for Big Data, the technology innovation hub, |-Hub at ICRISAT, the Ecosystem of
Entrepreneurship at the SERVIR Amazonia Hub at CIAT and the nascent testing and learning
platform for digital trust and transparency technologies AgriFoodTrust coordinated by CIMMYT.

Insight 4: Digital and other information-based innovations will have very large impacts
on production and value chains in some food systems, possibly leaving some key
stakeholders behind. This may have mixed effects on consumers and the environment,
but will likely accelerate the divergence between large-scale commercial producers and
small-scale producers and workers, unless the process of digitalization is made truly
inclusive.

The digitalization of agriculture is already taking place across the world including the developing
regions, and the potential for using digital technologies to transform agri-food systems is
recognized. Digitalization of agriculture as part of livelihood strategies of the resource-poor
depends critically on markets and service provision, enabling policies and institutional
arrangements more than on technology itself). Digitalization of agri-food systems will play an
increasingly important role in finance and extension services, markets and value chains, safety
nets and risk mitigation strategies. Hence, it has a potentially profound impact on agricultural
income and employment. Digital technologies are not inherently neutral and can either close or
widen social divides between men and women, age groups and other social constructs. There are
knowledge gaps in this domain inherent with the rapidly changing landscape. Future research on
smallholders’ financing options within the CGIAR should cover a wide range of issues from the
traditional research on access to finance, to work pioneering the adoption of satellite technology
in the design of financial products for agricultural producers in remote or otherwise marginalized
locations, and the adoption of other digital solutions.

The key insights presented above depend critically on external drivers shaping the resource
endowments available for our stakeholders to adapt their livelihood strategies to new
circumstances. The drivers and pressures shape the functioning of markets and value chains and
the availability of technology solutions.

Additional prospective studies are also needed on the contribution of gender to agricultural
labor, effect of seasonality and stability of agricultural employment for men and women labor,
etc. In-depth analysis of the labor market structure in agricultural and rural areas will be needed
to enhance the prioritization of future investments towards increased stability and inclusion of
employment. These studies will need to be both global and more local (e.g., country level).
Human capital is essential in the processes of rural transformation. The ability of resource poor
target beneficiaries of CGIAR to take advantage of on-farm innovation, off-farm employment,
income diversification, the digitalization of agri-food systems to improve resilience to shocks, as
well as to enhance income and employment levels in an inclusive way. Better understanding of
the potential future impact of specific investments in human capital as an enabler for rural and
agricultural development is therefore essential. Increasing incomes and employment in rural
areas require resilient and efficient agricultural value chains characterized by sustained demand
for agricultural produce, reduced marketing costs, good governance, and enhanced engagement
with the broader economy. With regards to future demand for agricultural commodities from
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agri-food systems, research could be used to identify country-tailored retail modernization
approaches that guarantee food safety for urban masses while enhancing rural employment and
incomes. Regarding marketing costs, research could help identify key bottlenecks that raise costs
across agricultural value chains. In addition, post-harvest losses for some crops can be reduced
through both breeding and post-harvest measures and research should be used to identify the
most cost-effective mix of approaches required to minimize post-harvest losses for staple food
crops.

On good governance cross value chains, it would be important to identify contracting
mechanisms required to ensure that processors can receive steady, uniform and quality produce
from farmers, especially targeting the poorest segments of the producers. More specifically,
research can be used to assess and identify adequate governance mechanisms for the complex
agricultural value chains found in the developing world (across countries and regions. For agri-
food systems to be well integrated with other economic sectors and lead to enhanced rural
incomes and employment, research could identify the prerequisites and mechanisms required to
facilitate inclusive rural transformation across the developing world. Regarding shocks which
usually occur without warning and can have devastating effects in confined locations or globally,
research can be used to support the development of early warning systems along with
mechanisms to reduce risks and minimize harmful effects for agri-food value chains.
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