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Abstract

This review evaluates foresight studies to understand how the future agri-food system may impact
gender, poverty, and nutrition (GPN). Foresight studies agree that it will be challenging to transform the
agri-food system into one that is sustainable, healthy, and just, although the degree to which foresight
studies consider GPN is uneven. Foresight work with a GPN focus tends to assume that global coor
dination of policies and regulations is both necessary and possible in order to achieve improved GPN
outcomes. However, history has shown that efforts to coordinate globally are mixed. At the same time,
innovation-led studies pay less attention to barriers to equitable adoption and nutritional outcomes.
Yet, the history of development has demonstrated the difficulties of equitable implementation of and
access to new technological innovations, particularly for women and marginalized populations. | argue
that mainstreaming GPN into foresight research can inform both policy-led and innovation-led pathways
that support an improved agri-food system. The use of multisectoral and multilevel tools and analyses
can support future foresight research and policymaking to systematically identify the net influences on
and trade-offs among GPN and other factors.
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1 Introduction

Agricultural and food systems in the next 20-30 years will face substantial pressures. Nu-
merous forces such as demographic waves, technological change, disease, climate change,
and economic and political shifts will change what is grown by whom, how it reaches con-
sumers, and what is consumed by whom. If current trends continue, malnutrition is expected
to increase, poverty will likely worsen for some individuals, and some populations will face
increased vulnerability (WEF 2017; FAO 2018a; Willett et al. 2019). At the same time,
the agri-food system (AFS) can be harnessed to decrease poverty, improve nutrition, and
improve gender equality, among other positive outcomes.

I aim to understand what foresight studies can tell us about the future relationships be-
tween the AFS and gender, poverty, and nutrition (GPN). Foresight is ‘the act of thinking
about the future to guide decisions today.” (Wiebe et al. 2018: 546). Three common fore-
sight methods consider (1) anticipated trends and drivers impacting agricultural and food
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systems, (2) variations in agricultural and food system scenarios, and (3) visions for future
agricultural and food systems.

In this article, I highlight how and where GPN impacts might occur within the broader
AFS. By evaluating foresight research in the broader context of the AFS, I aim to holistically
understand the impact of a future technology, policy, or trend. With an eye toward the AFS,
not only am I interested in whether the action will have its desired impact but also how such
changes will influence or impact other outcomes, such as those related to GPN. A systems
perspective can also support transparent conversations about trade-offs and synergies by
bringing environmental and societal goals into conversation with food system actors and
activities (Zurek et al. 2018; Ingram and Zurek 2019), can help practitioners, researchers,
and policymakers avoid siloed thinking (WEF 2017; NAS 2019), and shows the influence
of the AFS across several Sustainable Development Goals (SDGs) (Serraj et al. 2019).

This review finds that we know less about GPN-related impacts from foresight stud-
ies than we should. Not explicitly incorporating GPN outcomes into foresight work runs
the risk of further entrenching inequalities and nutritional and gender disparities. Using a
systems perspective, I also identify how GPN impacts may hinge on implicit assumptions
made by foresight studies. For example, technology-focused studies that do not consider
gendered barriers to technology adoption run the risk of promoting technologies that exac-
erbate gender inequality. I argue that there is a need for future foresight work to highlight
interactions, trade-offs, and synergies across interventions and among outcomes. Doing so
could support a deeper understanding of how GPN outcomes may be impacted. Without
incorporating a broader food systems perspective that incorporates GPN, it remains chal-
lenging for decision-makers to weigh the relative merit of various foresight proposals and
findings.

2 Approach and foresight methodologies

In this paper, I review documents identified by the CGIAR Independent Science for Devel-
opment Council as relevant for their work to support One CGIAR efforts. I also include
additional studies that focused on global or low-income-country food and agricultural fore-
sight (e.g. FAO 2018a; Willett et al. 2019; Future Today Institute 2020) or had a strong
poverty, gender, and/or nutrition lens as related to the future AFS (e.g. Quisumbing et al.
2019 on gender in Africa; Willett et al. 2019 on nutrition). See the bibliography for the full
list of studies reviewed. Most reviewed foresight reports have a dominant theme, such as
the future role of technology and science; the future role of markets (and governance); or
the role of policy at subnational, national, and global levels.

I use an AFS lens to synthesize existing agriculture and food foresight studies. There are
numerous definitions and examples of AFS (HLPE 2017; Zurek et al. 2018; FAO 2018a;
Rosenzweig et al. 2020). I use a general definition of agricultural and food systems: inte-
grated, multiscalar entities that include drivers, activities, actors, and outcomes (see Fig. 1).
Drivers are macro-level factors that both directly and indirectly influence the food system
and can include climate and climate variability, policy environments (including trade), and
cultures and norms. Research using a systems approach to analysis recognizes that food
both contributes to and is impacted by key drivers, such as climate change and the broader
economy (Rosenzweig et al. 2020). Drivers can be categorized into demography and de-
velopment, consumption, technology, markets, climate and environment, and policy and
geopolitics (Zurek et al. 2018). Actors include producers, processors, traders, consumers,
and others involved in the AFS. Activities include trade, production, storage, postharvest
handling, etc. These activities, in turn, are influenced by trends in drivers and by local in-
stitutional environments, local support systems, and local norms. The outcomes map to
impact areas of GPN but may include other impacts, such as on the environment and on
mitigating climate change. Further, the outcomes feed back into the drivers. For example,
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poverty influences people’s consumption decisions, which influences demands for particular
agricultural products.

In what follows, I first categorize AFS studies by foresight methodology into three groups:
(1) megatrend analysis (what is driving us toward a specific future?); (2) scenario planning
(what are likely future worlds?); and (3) visioning and backcasting (how can we reach a cer-
tain world?). A megatrend analysis describes how an ‘observable phenomenon’ is expected
to change over a specific time period (in both direction and magnitude: linear, volatile, ex-
ponential, etc.) (Wilkinson 2017: 17). Emerging megatrends can often be categorized by
driver. Scenario planning results in ‘a set of plausible stories of the future’ (Wilkinson 2017:
14). Scenarios show how changes to select trends create different futures. The number of
scenarios generally ranges between 2 and 6, with each scenario describing both what the
future holds and how it may come about. The foresight method of visioning and backcast-
ing starts with a preferred (i.e. normative) future world or future state and then describes
pathways useful for attaining that future (Wiebe et al. 2018; Wilkinson 2017).

Within each methodology, I then evaluate the studies’ impacts on GPN. For each impact
area, I assess whether each study’s findings present challenges (C), opportunities (O), a mix
of the two (M), or uncertainty (U) because consensus is lacking or GPN is not incorporated
into the analysis. I identify key findings and areas of consensus and divergence, examine
possible implications of the findings for GPN, and describe gaps and limitations. I then
identify GPN themes that cut across foresight methodologies. Each foresight methodology
has its own summary table of the reviewed studies. I include key information on each study
and provide a simple characterization of studies’ findings on the impact areas of GPN.
For the purpose of this study, the desired impacts are improved gender equality (equity),
decreased poverty, and reduced malnutrition in all its forms, with special attention to efforts
to enhance diet quality (in contrast to primarily expanding caloric availability).

3 Megatrends

The megatrends presented in Table 1 are divided into common and less common trends,
which are then sorted into categories of drivers and their impacts on GPN. Common trends
are those that occur with some frequency in the reviewed studies. I split poverty reduc-
tion between reductions in poverty for people earning income through the AFS (farmers,
processors, traders, transporters, etc.) and for consumers, to reflect that there may be differ-
ent pathways of impact. For example, lower prices will help impoverished consumers; how
they influence small producers’ incomes depends on why prices change. In what follows, I
synthesize the main megatrends, less common megatrends, and their impact on GPN.

3.1 Major megatrends and their impacts on GPN

The megatrends of climate change and depletion of natural resources are regularly incor-
porated into megatrend analyses with a consistent direction of change. These drivers all
increase pressure on the AFS, primarily by either increasing demand for food or decreasing
yields or productivity. There is general agreement that these pressures are unidirectional
and often gradual. There is also agreement that such trends will have adverse consequences
for GPN: rural producers can expect greater production volatility, consumers can expect in-
creased prices, nutritious foods are likely to be more expensive, the nutrient quality of foods
will deteriorate owing to climate change (Myers et al. 2014), and women and girls are likely
to experience a disproportionate share of these adverse consequences (HLPE 2017).

Two other common trends are population growth and migration, both of which will
increase urbanization and likely increase the global middle class. Both trends are likely to
increase demand for processed convenience foods, and potentially increase prices. In total,
poor consumers are likely to be harmed, and the cost of healthy diets will increase, harming
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8 Erin C. Lentz

nutrition (Maggio et al. 2019), and overnutrition is likely to increase (Willett ez al. 2019).
The impacts of those two trends on poor farmers and other income earners in the AFS and
their impacts on gender are uncertain. While foresight analyses argue that migration will
increase, the gender dimension of migration is often neglected (e.g. WEF 2017; Willett et al.
2019). Currently, more men migrate than women (HLPE 2017; Arslan et al. 2019; Huyer
et al. 2019), and migrants are generally younger, leaving women and older people in rural
areas (Arslan et al. 2019). The overall implication of this demographic shift is uncertain.
If people migrate to better urban jobs, rural areas may benefit from remittances and/or
increased urban demand for food (Arslan et al. 2019). A greater share of men migrating
may open up income-earning opportunities for women in the AFS, particularly as demand
for food increases. However, these opportunities may be undermined by gendered barriers
to accessing credit, extension, and information (Quisumbing et al. 2019). At the same time,
gendered rural-to-urban migration may increase women’s on-farm work; as populations
age and younger people migrate, women may also face increasing time pressure as they
care for both aging relatives and young children. In addition to reducing time available for
remunerative activities, women’s time poverty may increase demand for convenience foods,
with adverse nutritional consequences (Meenakshi and Webb 2019).

The impacts of technological trends on GPN are generally ambiguous. Across foresight
research on technology, gender is rarely discussed. Most technologically focused megatrend
studies do not discuss requirements to ensure technology adoption by smallholder farmers
or by small actors in the AFS. Yet, technology adoption depends on multiple factors in-
cluding scale neutrality (e.g. technologies captured in the seed, drought-tolerant varietals,
or nitrogen-fixing cereals), accessibility across AFS actors, appropriateness to social and
ecological context, policies and extension to support equitable adoption, and intellectual
property regimes (WEF 2018; Hazell 2019; Langridge 2019; Future Today Institute 2020).

Some technologies could provide opportunities to support improved nutrition and de-
creased poverty. Scale neutrality makes adoption by poorer farmers more realistic. Tech-
nologies with more consistently positive outcomes for poverty include clean and renewable
energy and logistics and supply chain innovations, in part because of their scale neutrality
(GKI and Rockefeller 2017; WEF 2018). See Table 1 for details on specific technologies
such as cold storage and first-mile processing. These can improve efficiency and market ac-
cess for smallholders, supporting increased and/or more sustainable agricultural production
and positive outcomes for poverty and/or nutrition. For example, artificial intelligence (AI),
synthetic biology, and a suite of other technologies that can decrease the unpredictability
and risk of production could decrease prices and, if used to support the growth of healthier
foods, could improve nutrition (Future Today Institute 2020).

Shifts in consumer preferences are ongoing, but the direction and magnitude of these
changes are currently ambiguous. In particular, there is substantial disagreement about con-
sumer preferences regarding animal-source foods and whether more people will adopt West-
ern diets that are high in animal-source foods and low in fruits and vegetables. Some stud-
ies assume consumers will increase consumption of livestock products (NAS 2019; Maggio
et al. 2019) and Western diets (Meenashki and Webb 2019; Hazell 2019); others argue that
consumers are willing to adapt to consuming lab-based foods and animal products grown
using precision biology (RethinkX 2019). Some visioning studies propose policies to nudge
or strongly encourage consumers to eat less meat (e.g. Willett et al. 2019).

A reason for the lack of consensus about trends in consumer preferences is that studies
often have significantly different assumptions about what else will happen in the AFS that
may or may not contribute to changing consumer preferences. First, there is disagreement
over how transformative synthetic biology will be in the AFS. Several studies argue that
synthetic biology could improve food safety, change the way food is produced, and have
nutritional benefits (RethinkX 2019; Future Today Institute 2020). RethinkX (2019) argues
that synthetic biology will disrupt the AFS, with plant-based foods replacing animal-source
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foods and leading to decreased livestock production. The Future Today Institute (2020)
identifies meat replacement as just one aspect of innovations in synthetic biology, but it
does not discuss changes in consumer demand. Other analyses describe technologies that
could support livestock production in its current form (e.g. bio-tattoos) but do not expect
systemic changes to livestock production (see NAS 2019). Second, other studies focus on
non-technology drivers that may shift consumer preferences. Willett et al. (2019) argue
for changes to the policy and regulatory environment to expand consumer demand for
healthier foods. Maggio et al. (2019) argue that income growth and increased urbanization
will increase adoption of Western diets. HLPE (2017) argues that a cultural perspective
can help explain consumer choices, noting that within some cultures women tend to decide
what their households eat. Thus, expected changes in consumer demand turn on whether the
studies assume synthetic technology will be a disruptor, on whether policies and regulations
that encourage healthy eating will do so, and on the roles of income, urbanization, and
culture, among other things.

3.2 Less common megatrends and their impacts on GPN

Several less discussed social, political, and economic trends could also influence the AFS and
there is less agreement on the magnitude or direction of these changes (see Table 1). As with
the megatrend of shifting consumer preferences, differences in projected outcomes often
turn on starting assumptions. Geopolitical dynamics could result in increasing nationalist
and isolationist tendencies, which could harm food security and nutrition in low-income or
net-food-importing countries (WEF 2017). Changes in political and economic drivers, in-
cluding increases in conflict and crises, could both disrupt local AFS and put further pressure
on AFS, particularly in places with high rates of internal displacement or mass migration
(HLPE 2017). Leadership on trade, agricultural, nutritional, and food policies that support a
sustainable, healthy AFS could be transformative, as could effective use of multi-stakeholder
partnerships to prioritize the needs of marginalized groups (HLPE 2017, 2018). The net re-
sult of geopolitical dynamics and political and economic drivers is uncertain.

HLPE (2017) argues that gender relationships and norms are among the most significant
drivers of food environments and diets. While a goal in itself, supporting women’s em-
powerment, which includes increasing women’s control of household income, expanding
women’s access to market-based resources, and increasing women’s status, could improve
nutritional outcomes (HLPE 2017: 79). HLPE argues that several sociocultural drivers, in-
cluding women’s empowerment, play an important role in shaping AFS and the women’s
futures.

Other less analyzed trends are likely to have adverse impacts on AFS and GPN outcomes
by disproportionately harming impoverished individuals, hindering improvements in nu-
trition, and exacerbating gender inequality. Human disease, inadequate water and sanita-
tion, declines in public funding for agricultural research, failure to address shortages of
key fertilizer ingredients (either through changing production systems or through changing
inputs), agricultural pests and diseases, and pandemics have the potential to devastate the
AFS (Maggio et al. 2019; NAS 2019).

3.3 Gaps and limitations

A gap in many of the technology-focused trend studies is the lack of attention on differ-
ential adoption. This limits our ability to understand impacts on poverty and gender. New
technologies may not be accessible to some farmers or may not be suitable for some envi-
ronmental or social contexts. Differential adoption rates can impact non-adopting farmers
indirectly through prices and can increase disparities between farms in favored versus less
favored areas. Without access to extension, credit services, and information, farmers may be
unable to adopt new technology or unable to continue using it. Intellectual property rights
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10 Erin C. Lentz

can create barriers to adoption, particularly in low-income countries (Graff and Hamdan-
Livramento 2019). When technology is not scale neutral, it can contribute to increased
inequality between large and small farmers (Hazell 2019). For example, Huang and Brown
(2019) point out that while precision agriculture may improve yields and decrease prices in
industrial agriculture, it is likely to remain too expensive for most small farmers in the near
future.

Gender is generally overlooked in reports focused on technological innovations (e.g. NAS
2019; RethinkX 2019). Rawe et al. (2019) point out that women are often not ‘recognized
as “farmers,” so services and technologies are not designed to meet their needs’ (p. 23). In
addition to addressing the barriers to adoption listed above, gender-equitable technologies
prioritize labor savings, particularly for women, are designed with different body types in
mind (e.g. smaller plows that women can easily maneuver), and are accessible to women
(and other marginalized groups), who may have lower levels of formal education and less
formal access to land, and training, credit, extension, and other wraparound services are
available, accessible, and targeted to women (Rawe et al. 2019; Huyer et al. 2019).

Finally, studying trends in isolation can be misleading. Nutrition decisions are complex
and the result of food prices, culture and norms, policy environment, and preferences, among
others. When one piece of the decision changes, it is uncertain what the overall impact on
nutrition will be. For example, the shift in consumer preferences away from animal-source
foods may be more transformative for the AFS and for human nutrition if policy changes to
discourage meat consumption are paired with an expansion of synthetic biology. At the same
time, if more people enter the middle class and strongly associate middle-class lifestyles with
eating more meat, the overall impact of synthetic biology on livestock production, without
accompanying policy and behavior change, may be muted.

4 Scenarios

Scenarios are intended to show how different assumptions about a set of megatrends and
drivers impact outcomes in the AFS. Most of the scenario-based AFS foresight work takes
the Shared Socioeconomic Pathways (SSPs) as the departure point for understanding what
the AFS looks like in each ‘world’ (i.e. a scenario with specific assumptions). The SSPs
were developed as alternative socioeconomic development pathways to help users better
understand and prepare for climate change and its impacts (O’Neill ef al. 2014). The SSPs
do not embed efforts to address climate change or support adaptation, and can thus show
different scenarios under which mitigating and/or adapting to climate change is easier or
harder (O’Neill et al. 2014: 390).

After briefly introducing the SSPs, I analyze three categories of scenarios. The first set of
scenarios begins with the SSP Business as Usual (SSP2) as a baseline and then evaluates the
impact of more aggressive assumptions about drivers on the AFS (FAO 2018a; Hasegawa
etal. 2018; FOLU 2019; Willett et al. 2019). The second set includes studies that do not use
(or do not reference using) SSPs as their baseline (WEF 2017; WRI 2019). The third set of
scenarios adapts the set of SSPs to regional specifications (Vervoort et al. 2014; Palazzo et al.
2014, 2017; Mason D’Croz et al. 2016). The line between scenario and visioning foresight
work can blur. Both WRI (2019) and Willet ez al. (2019) discuss several scenarios, and then
describe the pathways leading to the preferred scenario outcomes.

Across scenarios, there is general agreement on the need to (sustainably) increase food
production, decrease greenhouse gas (GHG) emissions, and address natural resource and
land degradation. Many scenarios (e.g. work by the CGIAR Research Program on Climate
Change, Agriculture and Food Security, such as Palazzo et al. 2014, 2017; Vervoort et al.
2014; Mason-D’Croz et al. 2016; Hasegawa et al. 2018) focus on production outcomes,
food prices, and caloric availability as model outcomes rather than on poverty, nutrient qual-
ity, and healthy diets. As a result, GPN impacts are often uncertain. Among scenarios that
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incorporate a political economy axis (e.g. institutional capacity or regional coordination),
worlds with more proactive governance tend to have much better outcomes in terms of food
security, growth, and natural resources and land use.

4.1 Overview of the SSPs

The SSPs start with two axes: socioeconomic challenges for mitigation and socioeconomic
challenges for adaptation. Four combinations of the axes plus a ‘middle’ result in the
five archetypal scenarios based on the SSPs (O’Neill et al. 2014; Riahi e al. 2017). The
SSPs make assumptions about major socioeconomic drivers. These drivers then inform en-
ergy use, land use, and environmental outcomes. Table 2 and the section below provide a
brief overview of the SSP scenarios, their axes, and socioeconomic drivers and provide an
overview of each SSP world (drawing from O’Neill ez al. 2014 and Riahi ez al. 2017). Story-
line descriptions of SSP scenarios (drawing from O’Neill et al. 2014 and Riahi et al. 2017)
are as follows:

e Green Worlds (SSP1) faces low adaptation and mitigation challenges. Population
growth will slow, education will increase, and urbanization could reach 92 per cent.
Economic development will be equitable. Renewable energy will increase, land use will
be sustainable, and agricultural productivity will be high. Further, diets will be healthy.

® Business as Usual (SSP2) is considered to face intermediate adaption and mitigation
challenges, including modest extensification for agriculture, slightly lower rates of ur-
banization, and improvements to education comparable to SSP1.

o Fragmentation/Regional Rivalry (SSP3) is driven by high adaptation and high mitiga-
tion challenges. High economic growth in some regions increases emissions. Interre-
gional inequality increases, and trade flows decline. Population growth is highest, ed-
ucation levels are stagnant or declining, urbanization is stable, heavy reliance on fossil
fuels continues, and land extensification and land pressure increase owing to lack of
yield increases and limited environmental protection. Under SSP3, many people are
vulnerable to climate change and have low adaptive capacity.

o Unequal Worlds (SSP4) has high adaptation and low mitigation challenges. Across sce-
narios, regional inequality is the highest in this world, leaving some regions economi-
cally isolated with high vulnerability and low adaptive capacity. Education levels are
stagnant, and land use for agriculture expands modestly. Although there is increased
use of renewable energy, it is out of reach for many low-income-country households,
who instead rely on biomass.

e Economy Leads/Fossil Fuels Development (SSP5) has high economic development and
increasing human capital. This results in rapid development and economic conver-
gence, with slower population growth and high rates of urbanization. Climate policies
are absent, fossil fuels meet high demands for energy, and there is a modest expansion
of land used for agriculture.

GPN outcomes are often not the outcomes scenario developers consider. As a result, the
implications of these SSPs for GPN are uncertain, although suggestive. Under SSP3 and SSP4,
some regions will have high rates of poverty and slow or stagnant increases in education.
Scenarios SSP1, SSP2, and SSP5 will have high levels of education, which can increase human
capabilities. Equal access to and participation in education can support gender equality
(Rawe et al. 2019). Sustainable production is prioritized in SSP1, with a focus on healthy
diets. Investments in health are also made in SSPS, although it is unclear whether such
investments are related to nutrition.

4.2 Impacts of changing drivers on SSP2 Business as Usual scenario

The majority of SSP-based scenarios start with SSP2 as the baseline scenario. SSP2 faces
intermediate adaption and mitigation challenges, including modest extensification for
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agriculture, high rates of urbanization, and improvements to education. Foresight re-
searchers examine how changing assumptions from the SSP2 baseline yield new worlds.
Across these SSP2 scenarios, the outcomes of interest vary. FAO (2018a) and Hasegawa
et al. (2018) focus on prices; how changes in prices influence nutrition and poverty out-
comes is discussed in broad terms. In contrast, both FOLU (2019) and Willett et al. (2019)
assume the world will converge toward a healthy diet and focus primarily on planetary
health outcomes, such as land use and rural economic development.

FAO finds that more proactive assumptions relative to SSP2 will have positive AFS out-
comes. FAO’s most proactive scenario (Toward Sustainability) (FAO 2018a) assumes that
global governance can and will induce changes. The specific assumptions include, among
other things, that consumer preferences change toward increased consumption of healthier
foods, full (true) costing of food is instituted, gender imbalances in access to opportunities
are addressed, sustainability of the AFS increases, and climate change slows. These changes
are assumed to happen in concert. Findings under this scenario include decreased obesity
(due to changes in preferences and true costing of food), decreased poverty (due to expan-
sion of social protection), and improved gender equality (due to proactive gender-equitable
policies). When challenges in the AFS are left unaddressed (Stratified Societies scenario),
greater gender imbalances, worsening poverty, and increases in all forms of malnutrition
will occur, with sub-Saharan Africa expected to fare worst.

FOLU (2019), like FAO (2018a), makes strong assumptions about governance. It starts
with SSP2 and then models a Better Futures scenario, which requires sustained political
commitment, an ability to address the current inefficiencies and misallocation of resources,
and an increased pace of change for positive trends. Outcomes are generally positive and
consistent with the more aggressive (and positive) assumptions relative to the baseline of
SSP2. FOLU also argues that gender will need to be mainstreamed into efforts to transform
the AFS, given pervasive inequalities.

Willett et al. (2019) change assumptions about dietary choices (e.g. adoption of a refer-
ence diet with little animal-source food and high consumption of pulses and other plant-
based foods) and then assess the impacts of these diets on environmental outcomes. The
authors start with SSP2 and evaluate a range of values for each of three drivers of the AFS:
production, food waste, and diet. They use scenario results to propose pathways to achieving
a Great Food Transformation, which would support a worldwide ability to eat the healthy
reference diet and stay within planetary boundaries (see Section 5). They propose policy in-
terventions to improve rural infrastructure, expand equitable access to economic resources
for women, create social protection programs, and expand knowledge about healthy diets.

Food prices increase in several SSP2-based global scenarios. When price increases are an
outcome, most scenario studies highlight adverse consequences for at least some impover-
ished individuals. Such studies argue that additional policies are necessary to ensure that
the poorest and most marginalized are not harmed. FAO (2018a) argues that the impact
of price increases on nutrition depends on which food prices increase. In their Stratified
Societies scenario, for example, the prices of healthier foods are expected to be higher than
in other scenarios, contributing to overconsumption. In contrast, using SSP2 as a starting
point, Hasegawa et al. (2018) focus only on staple foods, which they argue will increase
partially due to climate change mitigation efforts.

4.3 Non-SSP scenarios with innovative drivers: global coordination,
breakthrough technologies, market connectivity, and food demand

A few studies do not use (or do not reference using) SSPs as their baseline. Regard-

less, the challenges within the AFS remain the same, as do many of the drivers and

assumptions.
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20 Erin C. Lentz

Consistent with FOLU (2019), FAO (2018a), and Willett er al. (2019), WRI (2019)
also uses scenarios to demonstrate a need for stronger global coordination. It is the most
technology-forward scenario-based foresight study, seeking to address challenges of food
supply, agricultural land area, and GHG emissions. Using its own model, GlobAgri-WRR,
WRI identifies twenty-two menu items that additively increase across three scenarios in
terms of ambition, coordination, political will, and technology. The most aggressive sce-
nario (Breakthrough Technologies) assumes dramatic improvements in the performance and
costs of technologies. Stated goals also include poverty alleviation and empowering women
farmers. GlobAgri-WRR does not include feedback from economic changes in its models
and identifying the net effect of the bundle of twenty-two interventions on GPN outcomes
(WRI 2019: 30) is difficult.

WEF (2017) presents four possible scenarios, which vary by two axes: degree of market
connectivity and type of demand for food. WEF’s focus on market connectivity and the
role of trade is unique among scenarios. Demand for food includes assumptions about the
nature of the future demand for food and agricultural products: resource intensive versus
resource efficient. Market connectivity includes assumptions about the openness of trade,
trust in and resilience of commodity markets, and inclusivity of technological innovations.
Within market connectivity, WEF incorporates assumptions about access to technologies
(i.e. whether intellectual property barriers will limit technological adoption), a considera-
tion that is also rare in foresight work (although see Graff and Hamdan-Livramento 2019).
It also shows how changes in food demand will influence malnutrition. The WEF axis that
matters most for smallholder farmers and most for addressing malnutrition is whether re-
sources are efficiently or intensively used (on the demand for food axis). Greater connectivity
is more beneficial for GPN outcomes when added on top of resource-efficient use. GKI and
Rockefeller (2017) used the WEF (2017) scenarios to point out that certain interventions
will have greater impacts on certain of the four WEF worlds, whereas other interventions
transcend worlds.

4.4 Regional scenarios building off of the SSPs

CGIAR’s Climate Change, Agriculture and Food Security (CCAFS) team worked with stake-
holders from six regions to adapt the SSPs to region-specific scenarios to 2050. Regional
specifications include choice of axes and regionally specific assumptions about GDP per
capita, crop and livestock yields, and production costs. Every regional scenario includes at
least one regional political economy—focused axis. Several regions focused on governance
and institution capacity (East Africa, West Africa, South Asia, Andes, Central America).
Regions also considered the degree of regional economic integration, regional market reg-
ulation, and collaboration (East Africa, Southeast Asia, Andes). Other axes focus on land
use, consumer preferences, water resources, and human capital, among other things. The
outcomes primarily discussed are yield gaps (with some attention to land extensification)
and food security (Palazzo et al. 2014).

Consistent across the regional scenarios, more proactive governance improves food se-
curity outcomes (see Table 3). Also consistent with other scenarios, weak regional collabo-
ration paired with resource degradation, unregulated markets, and unbalanced investment
yields the most inequality and highest likelihood of increased hunger. Across these regional
scenarios, because the focus is on yields of staple crops, growth in GDP, and staple food
prices, the nutritional outcomes are uncertain. Decreases in food prices might benefit hun-
gry consumers but could also lead to overnutrition, depending on how consumer preferences
change (e.g. if more people adopt Western diets). Several studies identify increases in food
insecurity, which could hinder nutrition and have gender-differentiated intrahousehold im-
pacts. However, gender and nutrition are not explicitly discussed in the CCAFS scenarios,
making impacts on them uncertain.
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4.5 Gaps and limitations in scenarios

First, future work on the specific challenges within sub-Saharan Africa could be valuable.
Several global scenarios identify sub-Saharan Africa’s AFS to be at greatest risk (FAO 2018a;
WRI 2019; Willet e al. 2019). Regional scenarios (Palazzo et al. 2014) concur, showing
East and West Africa most sensitive to deteriorating conditions in the AFS and likely to
experience food insecurity.

Second, the reliance of most foresight scenario work on SSPs as starting points may be
limiting. While they offer a consistent departure point for understanding the influence of
socioeconomic drivers on the AFS, given the dominance of the SSPs there is a decreased
possibility of radically different findings across studies. Scenarios that start with SSP2 as the
baseline are assuming that SSP2 is the right or most realistic departure point. If other scenar-
ios are more accurate, for example those with high rates of urbanization (SSP1, SSP4, and
SSPS), increases in food prices may adversely impact more (urban) residents than currently
expected. This could have important implications for urban poverty levels, particularly if
other sorts of poverty alleviation measures are not in place.

Third, all scenario builders make choices about which types of trends to focus on. Most
scenarios include gradual megatrends rather than shocks or acute one-off events that could
ripple through the global economy. Human diseases and pandemics (e.g. COVID-19) and
agricultural pests and diseases (e.g. the 2019-20 desert locust infestation in East Africa) are
not included in either visioning or scenarios. Scenario building does not include unseen tech-
nologies and often cannot pick up feedbacks (Hasegawa ez al. 2018). The scenarios reviewed
exclude a few megatrends that could be pertinent for understanding GPN outcomes, such
as changes to water and sanitation (Palazzo et al. 2014; FAO 2018b; Maggio et al. 2019;
WRI 2019). Indirect impacts of climate change, such as increased heat stress or changes to
nutrient content of some foods (e.g. Myers et al. 2014), are rarely included. These concerns
may be secondary; however, incorporating them may allow for a richer understanding of
the impacts of AFS transformations on GPN.

Fourth, few scenario outcomes map directly to GPN outcomes. For example, food price
change is a commonly considered scenario outcome. However, we should be wary about
assuming increases in food prices is a proxy indicator for increases in poverty and deteri-
orations in nutrition. First, the net effects of price changes differ across AFS actors. Price
increases will likely harm poor consumers but may or may not harm other AFS actors. If
staples are Giffen goods, staple price increases would increase consumption of those staples.
Dietary quality may fall, increasing malnutrition and potentially impoverishing purchasers,
but net sellers of Giffen goods may experience a drop in poverty. Second, price changes
will likely not occur in a vacuum. If policies to nudge consumer preferences are success-
ful, adverse impacts of price changes on nutritional outcomes could be mitigated. Finally,
some work (e.g. Palazzo et al. 2014; Hasegawa et al. 2018) looks at price changes for ‘food’,
meaning staples. However, relative prices of different foods will change if, for example, poly-
culture techniques are widely adopted or if postharvest losses (PHL) in horticulture decrease.
Decreasing the relative prices of fruits and vegetables could support adoption of healthier
diets, even if staple prices rise. Willett et al. (2019) argue that adopting full costing of food
could support improved nutritional outcomes by changing the relative prices of foods. In
sum, a better understanding of how the interactions of prices, economic growth, climate
change mitigation policies, and changes in inequality, among other things, may combine to
improve or worsen GPN outcomes is needed.

Finally, GPN outcomes are infrequently incorporated into the reviewed scenarios. When
they are, strong assumptions about the efficacy of global or regional governance appear to
be the dominant drivers in achieving positive GPN outcomes. Scenarios that do incorpo-
rate GPN outcomes often assume coordinated global governance, which may be a strong
assumption. In these scenarios, GPN outcomes are often achieved by decreasing the cost
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of healthy foods (e.g. horticultural products) relative to unhealthy foods (e.g. diets high in
staples and livestock products), as well as expanding social protection and pursuing low-
inequality growth to protect impoverished individuals.

5 Visioning and backcasting

Visioning studies provide responses to a future rather than providing foresight into pos-
sible or plausible futures. Several reports first propose specific visions of the future, such
as ‘sustainably feed 10 billion people in 2050 or ‘meet the SDGs, sustainably’. Then, the
reports propose pathways that can help us to arrive at that future. The pathways are often
composed of bundles of technologies and/or policies. The visioning studies depart from the
megatrend analyses and scenario analyses because they often explicitly include the objec-
tives of poverty alleviation, improved nutrition and health outcomes, and/or gender equality
in their desired world.

Nearly all visioning studies assume that a similar set of megatrends will impact the AFS.
The megatrends include (1) climate change, (2) decreasing natural resources, environmental
degradation, and increasing demand for agricultural land, and (3) increased demand for
food and shifting preferences. Thus, the perceived need for the future AFS generally is to
identify pathways to sustainably increase healthy food production. While there is general
agreement on the key challenges, different studies weight specific concerns or objectives
more or less heavily; these weights inform their proposed pathway (see Table 4). For exam-
ple, NAS (2019) focuses more on sustainability, efficiency, and resilience of the AFS with less
focus on GPN. WRI (2019) considers water-related challenges and, like Quisimbing et al.
(2019), the role of gender in the AFS. WEF (2018) and FOLU (2019) explicitly incorporate
inclusivity.

These areas of emphasis also inform the approaches proposed to achieve the proposed
pathways. The pathways are often a blend of components, such as sustainable agriculture
techniques, natural resource conservation, technologies, markets, businesses, nudges in con-
sumer choice, government coordination, and regulations. Each study weighs the transforma-
tive value of various pathway components differently and tends to highlight their preferred
dominant component(s). The weights placed on each component reflect authors’ implicit
and explicit assumptions about what is required to achieve a sustainable, healthy food sys-
tem. For example, GKI and Rockefeller (2017), WEF (2018), and Hansen et al. (2019)
recognize the need for supportive policies but focus on technology to drive change in the
AFS. A few studies focus more narrowly on ‘scientific breakthroughs’ and do not consider
issues of technological access, adoption, or regulation (NAS 2019).

In what follows, I split pathways by common themes, including environmentally driven
pathways to sustainable agriculture and conservation, technology-driven pathways, policy-
led and integrated pathways, and the roles of markets and true costing. I then discuss gaps
and limitations.

5.1 Environmentally driven pathways to support sustainable agriculture and
conservation
Many studies envision farmers moving toward more sustainable farming techniques. Such
techniques could mitigate the current contributions of the AFS to environmental degra-
dation and climate change and make farming less reliant on unsustainable inputs and
land extensification. The proposed farming approaches include ecological intensification,
which results in nutrition-sensitive landscapes (Tittonell 2019); efforts to improve soils, in-
cluding conservation agriculture and low-till agriculture (WRI 2019); agroecological and
other transformative approaches (HLPE 2019); a shift toward a bioeconomy (Birner and
Pray 2019); redesigned agricultural systems that take an integrated approach to improving
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environmental and socioeconomic outcomes (Schwoob et al. 2019); and an integrated
climate-sensitive AFS that includes nutritious foods (Pingali and Aiyar 2019). These tech-
niques generally prioritize growing a greater diversity of products, which can benefit nu-
trition (Pingali and Aiyar 2019; Tittonell 2019). HLPE (2019) argues for a two-pronged
strategy including both transformative (e.g. organic, permaculture, and agroforestry) and
incremental (e.g. nutrition-sensitive and climate-smart) shifts in agricultural production sys-
tems. Which techniques are adopted and by whom could vary across sizes and types of
production systems and ecological contexts. Such changes could decrease the yield volatil-
ity small farmers experience and potentially increase access to nutritious foods (Tittonell
2019; Pingali and Aiyar 2019; HLPE 2019). However, productivity per unit of land may
not increase (HLPE 2019).

The labor requirements for such holistic agricultural approaches are generally, although
not always, higher than other agricultural techniques, which may hinder gender equity
(HLPE 2019). Improving soil and water management, if done with low-barrier technolo-
gies (e.g. water harvesting), could save women and their families time and physical effort
(WRI2019). However, as WRI (2019) notes, many soil-improving and soil-conserving tech-
niques require increased inputs, increased labor, or both, which have limited their adoption
to date. Access to land may also constrain adoption of holistic agricultural approaches by
small farmers such as formalization of land sales and rental markets and support for farm-
ers transitioning out of farming (WRI 2019). A further limiting factor is women’s lack of
formal land rights and loss of usufruct land rights, particularly in sub-Saharan Africa (HLPE
2019; WRI 2019).

5.2 Technology-driven pathways

Several reports argue for technology-driven transformations of the AFS. Yet, few of the
technology-driven visions address how to ensure or whether these technologies will be ac-
cessible to and useful for women, smallholders, and other AFS actors. Which technologies
are adopted and by whom turn on several factors: scale neutrality; governance regimes (e.g.
intellectual property rights); the presence of complementary infrastructure, extension, and
credit services; the costs and risks of adoption; user acceptance; whether the technologies are
labor saving; and whether technologies need to be tailored to specific locations (Langridge
2019; Hazell 2019).

In the contemporary AFS, examples of low adoption rates of technologies are common-
place. Tittonell (2019) examines the opportunity for ecological intensification to decrease
the smallholder productivity gap in sub-Saharan Africa, arguing that many modern agri-
cultural technologies ‘were not developed to fit the reality of smallholder systems’ in sub-
Saharan Africa and that this failure contributes to their low adoption rates and smallhold-
ers’ continued low relative productivity (p. 466). Similarly, the role of gender in agronomic,
market, and consumption decisions influences the likelihood of adoption of technologies
(e.g. biofortification) that may support nutrition (Quisumbing et al. 2019). Training men
on planting and women on nutrition may be less effective than outreach strategies that
target both men and women (Doss and Quisumbing 2019). When technologies increase in-
come or marketing opportunities for certain agricultural products, women may also lose
decision-making power over them (GKI and Rockefeller 2017; Quisumbing ez al. 2019).

Several scale-neutral or small-scale technologies are poised to offer potential benefits to
smallholders, other AFS actors, and/or consumers and therefore may face lower barriers to
adoption. Scale-neutral innovations include farmgate packaging and processing technolo-
gies such as mobile precooling and packhouses; dehydration and cooling technologies such
as solar driers, solar cooling, and evaporative cooling; cooperative processing and packaging
and near-farm mobile processing; and storage and transport technologies such as storage
crates and micro-cold transport (GKI and Rockefeller 2017; Hansen et al. 2019). Improved
and institutionalized data collection, improved traceability, farmer connectivity to markets
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through information technology, and market brokerage services could be made accessible
to small actors in the AFS (GKI and Rockefeller 2017; HLPE 2017; Hansen et al. 2019).
Renewable energy can support farmgate packaging and processing as well as cold storage
transportation along the AFS, including for the last mile (GKI and Rockefeller 2017; Skeer
and Leme 2019). Innovations in life sciences such as biodegradable coatings (with food
safety regulations) and microbiomes and microbes for soil could reduce food waste and
PHL. In sum, these technologies could increase efficiency across the AFS and provide op-
portunities for farmers to earn premiums on their products or to decrease PHL. They also
will likely expand the availability of nutritious foods and decrease food waste along the
AFS. Several of these also support increasing production of safer, healthier foods, benefit-
ing nutrition. However, Huyer ez al. (2019) warn that there are considerable gender gaps
in digital agricultural services and mobile finance. Therefore, while scale-neutral technolo-
gies could benefit some smallholders, gender-based barriers to adoption make the gender
impacts uncertain.

Other technologies have the potential to be transformative for the AFS but may be less
accessible to smaller actors and whether they will positively impact gender and poverty is
uncertain. Some could support improved nutrition. Biosensors and food-sensing technolo-
gies could decrease PHL and increase productivity (WEF 2018; NAS 2019). They, along
with blockchain technologies, could also support traceability, transparency, and safety in
the AFS (WEF 2018). Synthetic biology, including gene editing, and microbiome technology
could increase crop yields, increase resilience to stress and disease, and even increase nutrient
availability (WEF 2018; NAS 2019). WEF (2018) notes that gene-editing and microbiome
technologies could have substantial benefits for famers but that intellectual property issues
must be resolved. Data science and Al can support improvements in and hasten research
on crop breeding (NAS 2019) and aid in pricing of insurance (WEF 2018). WEF (2018)
argues that while biological-based crop protection could save costs, decrease input use, and
increase food safety, the technology needs to be tailored for specific locations, potentially
limiting its uptake in low-income countries. Similarly, precision agriculture, nutrigenetics,
and food-sensing technologies are likelier to be adopted in Western AFS first (WEF 2018;
Huang and Brown 2019). Questions about consumer acceptance of biological-based crop
production, biotechnology for plant-based meat alternatives, synthetic biology, and gene
editing remain, which makes their impact on nutrition uncertain (WEF 2018; HLPE 2019;
FOLU 20109; Serraj et al. 2019).

HLPE (2019) is more cautious about the role of technology in the AFS, arguing that
there are several unresolved debates about transformative technologies and management
techniques in agriculture, including farm sizes, modern biotechnology, digital technologies,
synthetic fertilizers, the role of biofortification, and biodiversity. Such calls for more cautious
approaches to technology are often part of pathways that prioritize strong governance and
leadership.

5.3 Policy-led and integrated approaches

Several visioning exercises propose transformation of the AFS. These studies tend to ar-
gue that current AFS faces multiple externalities and governance failures that cannot be
addressed through technology or markets alone. The studies take the position that while
pathways ought to include new technology, sustainable environmental approaches, and
market-led changes, a critical requirement for AFS transformation is effective global and
local policies and regulations.

HLPE (2017, 2018, 2019), Rawe et al. (2019), and Willett ez al. (2019) advocate for
strong leadership from government and for policies and regulations integrated with science
and technology. In its 2019 study, HLPE warns that market actors have little incentive to
address systemic externalities associated with agricultural production and processing. Rawe
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et al. (2019) warn, ‘Without effective policy coordination, there could be actors working
at cross purposes, elite capture, and entrenchment of poverty and inequality’ (p. 11). Some
aspects of the global AFS require multilevel coordination in policymaking. For example,
three studies (WRI 2019; FOLU 2019; HLPE 2019) detail how business as usual regarding
oceans and ocean-based foods is unsustainable and will remain so without coordinated
governance.

Integrated interventions interact in multiple ways, making it difficult to discern the net
effects of holistic, cross-sectoral combinations of interventions on GPN. In one example,
Willett et al. (2019) advocate for a bundled approach to achieve a Great Food Transfor-
mation. This would require a global reorientation toward healthy diets and away from
an AFS focused on producing calories. Sustainable intensification, technologies, conserva-
tion, poverty alleviation, changing consumer demand, and the true costing of food (among
others) will support this goal. Yet, Hirvonen et al. (2020) assessed the cost of the reference
diet proposed by Willett et al. (2019), finding that without a combination of higher incomes,
lower prices, and nutritional assistance, the reference diet’s cost will exceed household per
capita income for an estimated 1.58 billion people. Thus, while the Great Food Transfor-
mation seeks to improve nutrition, conclusions about the degree to which greater attention
to poverty is required vary. Similarly, WRI (2019) argues for a holistic approach to build-
ing a sustainable and healthy food system that will also empower women (among other
outcomes); it offers twenty-two menu items that can support this transformation. Yet, the
net effect of these menu items, either alone or in combination, on any specific GPN goal
is uncertain. For example, WRI proposes to expand access to reproductive healthcare and
to pursue soil and water management techniques. While reproductive healthcare will sup-
port women, conservation agriculture techniques with high labor requirements that are not
accompanied by changing norms may disproportionately increase women’s work burden.

5.4 Markets and full costing

Several studies raise the issue of full (true) costing (see FAO 2018a; WEF 2018; FOLU 2019;
HLPE 2019; Willet et al. 2019) and the role of agricultural subsidies (WRI 2019; Anderson
2019) in their scenarios or visioning. FOLU (2019), for example, argues that incentives in
the AFS must change in order to better incentivize businesses to pursue strategies aligned
with healthier and sustainable food systems and that people need to be ‘paid fairly to pro-
duce the right food the right way’ (p. 17). HLPE (2019) argues for true costing, ‘There are
many externalities associated with production, processing and distribution of food that are
not priced and ... agri-food input and retail sector often works against addressing these ex-
ternalities’ (p. 18). FAO (2018a) argues that true costs will reduce overconsumption in high-
income countries. Full costing of labor and full income measures that incorporate leisure
(Quisumbing et al. 2019) might change the relative payoffs to particular strategies and could
make visible the work that women do within the AFS.

Accomplishing such market transformations would require sustained policy efforts
(HLPE 2019). Full costing is likely beneficial for smallholders within the AFS, but is also
likely to increase consumer prices, potentially increasing the costs of healthy diets (FAO
2018a; HLPE 2019). Several studies argue that tackling food waste, creating nutrition-
sensitive social protection programming, incorporating consumer subsidies, and/or provid-
ing nutritionally sensitive social protection (see FAO 2018a) will dampen the impacts of
higher prices on poor households. Such a bundled approach would require coordinated,
high-level policy.

5.5 Gaps and limitations

First, visioning exercises show us pathways to idealized futures and often include little dis-
cussion of whether the assumptions are plausible. For example, it is often assumed that
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technologies beneficial to the AFS will be adopted, but, in reality, there are often numerous
barriers to adoption. Similarly, it is also often assumed that it is possible to achieve effective,
coordinated global policy.

Second, there is little discussion of how different innovations within a study interact with
one another or whether trade-offs across impact areas will be necessary. The interactions
of drivers could increase or decrease the likelihood that these visions are achievable. For
example, moving to the full costing of food may make regenerative agricultural practices
more appealing. Thus, there is a need for coordination across seemingly disparate aspects
of the AFS to ensure that, as Rawe ef al. (2019) point out, efforts are not at cross-purposes
and, ideally, are complementary.

Finally, even addressing single issues within the food system may need interventions that
draw on coordinated efforts (HLPE 2019). For example, reducing food waste may require
an integrated pathway combining regulation, markets, technologies, and communication.
Rawe et al. (2019) lay out a variety of policy-based approaches, including nudges, regu-
lation, and information campaigns. GKI and Rockefeller (2017) propose technologies to
reduce waste such as increasing shelf life of food through cooling and proximate processing
(see also Hansen et al. 2019). Willett et al. (2019) argue that because women are heavily
involved in postharvest processing in low-income countries, food waste solutions should be
accessible to and informed by women producers. It is unclear whether, in combination, these
approaches will be multiplicative, additive, duplicative, or work at cross-purposes. Vision-
ing studies that lay out clearly the assumptions of each intervention and how they interact
with one another could help policymakers assess the implications of various pathways for
GPN—and other—outcomes.

6 Opportunities for practitioners, policymakers, donors, and others

Based on the megatrends, scenarios, and visioning, several themes emerge. First, most of the
studies show that to support healthy diets, the AFS needs to move away from increasing
cereal yields and focus on expanding production of horticultural crops. Second, while there
is some disagreement on the mix of changing agricultural management practices and chang-
ing agricultural technologies, there is agreement that the AFS needs transformations in both.
If designed with small AFS actors in mind, innovations such as supply chain logistics and
packaging can be pro-poor, support increased access to nutritious foods, and decrease food
waste. Third, based on CCAFS scenarios (see Palazzo et al. 2014), the greatest food security
needs (a rough proxy for poverty) will remain in sub-Saharan Africa, and possibly South
Asia. Additional themes are discussed in greater detail below.

6.1 Evaluating technologies’ and innovations’ possible impacts on GPN
Analyses related to GPN are generally missing from current AFS foresight work. There are
notable exceptions, including CGIAR-led work (e.g. Huyer et al. 2019; Quisumbing et al.
2019). Mainstreaming of GPN concerns throughout the AFS will improve understanding
and increase the likelihood of desired outcomes being achieved. A critical area for future re-
search is developing methods and approaches to identify whether and when GPN outcomes
will be furthered by innovations, technologies, and management techniques. For example,
numerous foresight studies propose technological interventions to support a transformation
of the AFS; few, however, systematically consider well-established barriers to adoption.
Consumer acceptance, regulatory environment, economies of scale, access to credit and
other supportive infrastructure, adaptation to regional social and environmental needs, and
labor requirements are some of the considerations that may determine the uptake of new
technologies (WEF 2017; NAS 2019; Hazell 2019; HLPE 2019; Quisumbing et al. 2019;
Tittonell 2019). Some foresight authors are more critical of technology-led innovation in
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agriculture, citing concerns that technology is treated as a straightforward mechanism for
change and arguing instead for development of inclusive and participatory innovations
(HLPE 2019). Careful, participatory analysis of barriers to adoption that takes a gendered,
pro-poor, and nutrition-focused lens could help address these concerns.

6.2 Clarifying interactions, trade-offs, synergies, and sequencing

There is a need to systematically and explicitly map the relationships between intermediate
outcomes and GPN outcomes as well as the trade-offs across different impact areas. Such
a mapping will aid in the analysis of the net effects of AFS transformations on GPN and is
needed for two reasons.

First, we have a poor understanding of the net effects of multiple efforts to transform the
AFS on GPN. Many studies proposing transformations to the AFS do not focus on GPN or
draw uncertain conclusions about GPN based on intermediate outcomes such as prices and
crop production. These intermediate outcomes may interact with other drivers, or multiple
drivers may interact with each other. These interactions are left unspecified because realistic
assumptions are hard to identify (e.g. WRI 2019). However, such interactions could offset
or compound impacts on GPN outcomes.

Second, well-informed leadership will be critical for transformation of the AFS. HLPE
(2017) argues that the quality of leadership is the key requirement for AFS transformation
(see also FOLU 2019; HLPE 2019; Rawe et al. 2019; Willett et al. 2019; WRI 2019). A
multisectoral and multilevel coordinated approach to policymaking can address inevitable
trade-offs and harmonize policies and incentives (Rawe et al. 2019). However, leaders may
not fully understand the complex implications of policy decisions for impoverished indi-
viduals, for inequality, or for other outcomes (HLPE 2017; Rawe ef al. 2019). There is a
need for development practitioners, researchers, and others to support effective, coordinated
leadership by not only making trade-offs visible to policymakers, but also incorporating the
perspectives of multiple stakeholders to inform decisions regarding trade-offs (HLPE 2018).

One reason for the difficulty in understanding the net effects on GPN is that trends and
innovations can be synergistic or involve trade-offs, and/or they may require sequential roll-
out. Visioning studies describe bundling, sequencing, and menu-based approaches in their
recommendations, and such approaches are helpful for understanding impacts on GPN.
When interventions are interlinked, implementing them simultaneously can produce vir-
tuous cycles (FOLU 2019). Approaches that are menu based allow for local and regional
choices (WRI 2019). However, careful sequencing of interventions may make sense; for ex-
ample, low-income countries may not benefit from big data analytics in agriculture without
addressing basic infrastructure needs first (GKI and Rockefeller 2017). Simultaneous in-
terventions may be required when individuals face multiple barriers (e.g. interventions in
agricultural finance, inputs, and access to value chains could be bundled; Quisumbing et al.
2019) and can help protect the most marginalized.

6.3 Recommendations for future foresight work

A challenge of inferring findings from foresight work to the impact areas of GPN is much
of the foresight work reviewed here was undertaken with other goals in mind and GPN
outcomes are often not included. Addressing the following gaps could help develop future
foresight studies that assess GPN outcomes.

First, biotic pressures on the AFS and resulting from climate change were not commonly
included in the reviewed foresight studies and are rarely linked to GPN outcomes. Human
disease, heat stress on labor productivity, the physiology of plants and nutrients, inadequate
water and sanitation, shortages of key fertilizer ingredients (either through changing pro-
duction systems or through changing inputs), agricultural pests and diseases, and pandemics
have the potential to devastate the AFS (Myers et al. 2014; Maggio et al. 2019; NAS 2019).
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These concerns may be secondary; however, incorporating them may allow for a richer
understanding of the impacts of AFS transformations on GPN.

Second, the most common megatrends are gradual changes rather than shocks or acute
one-off events (e.g. pandemics) that could ripple through the global economy or regional
AFS (e.g. desert locusts in East Africa). Some disruptive technologies (e.g. Al or synthetic
biology) seem poised to change the AFS in high-income countries. While some authors iden-
tify such technologies as relevant primarily for high-income countries, they will likely spill
over either directly or indirectly into low- and middle-income countries. For example, syn-
thetic biology could decrease demand for livestock in the United States, leading to decreased
demand for staple crops used for livestock feed and potentially depressing global staple food
prices. The implications of such spillovers for GPN are not described or well understood.

Third, there are several challenges with using food prices as an outcome, and greater clar-
ity is needed about the impact of price changes on GPN outcomes and about how prices
interact within the food system. The net effects of price changes will differ: by AFS actors,
by whether ‘food’ means staples or a diverse and nutritious diet, by changes in relative prices
of different foods, by other changes within the AFS, and by whether there is a movement
toward the full (true) cost of food. Decision-makers and policymakers need a better under-
standing of how prices, economic growth, climate change mitigation policies, and changes
in inequality, among other things, may interact to improve or worsen GPN outcomes.

Finally, the visioning work often makes strong assumptions about possible pathways to
desired futures. Two commonly made assumptions are that there are no or few barriers to
adopting new technologies and management practices and that multilevel policy coordi-
nation with strong global governance will occur. The pathways detailed may not be real-
istic when these assumptions do not hold. Clarifying the impact of these assumptions on
envisioned pathways and identifying ways to support these assumptions may make such
pathways more achievable.

7 Conclusion: GPN themes and the future of AFS foresight studies

Most foresight studies warn that the future, without significant transformations, will be
challenging for many actors within the AFS. Some foresight studies warn that, if left on its
current path, the AFS will face serious challenges, including adverse nutritional outcomes
and stalled progress on (or increases in) poverty and gender inequality. Other studies do
not consider GPN outcomes. Thus, there is ample opportunity—and need—to mainstream
a GPN-focused perspective into AFS foresight work.

Individuals and organizations using foresight work to reimagine the AFS can support
a multitrack strategy to incorporate both policy-led and innovation-led pathways through
the following: (1) incorporating GPN into the design and implementation of their own
programming, research, and practice; (2) supporting and advocating for the mainstreaming
of GPN into the work of others; and (3) while acknowledging that global coordination may
or may not be an achievable future outcome, supporting policymakers in recognizing the
importance of GPN in the AFS by providing them with multisectoral and multilevel tools
and analyses that systematically identify the net effects of AFS changes on GPN outcomes.

7.1 Gender

Among GPN, gender is the outcome least discussed across the foresight work. In studies
that do consider gender, authors argue that prioritizing gender equality is essential for the
successful transformation of the AFS (HLPE 2017; FOLU 2019; HLPE 2019; Quisumbing
et al. 2019; Rawe et al. 2019). Gender norms and gendered inequalities often shape what
roles are available to men and women within agricultural value chains. Assuming women
are either only farmers or only consumers risks overlooking transformative opportunities
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within the AFS to enable women to be fully engaged throughout the AFS (Quisumbing
et al. 2019). Relatedly, few foresight studies consider how gender shapes the behaviors and
barriers faced by men. Gender transformative changes to the AFS require partnering with
not just women and girls but also men and boys, as well as changing norms and removing
structural and institutional barriers (Quisumbing ez al. 2019).

Few studies consider the structural and institutional barriers and social norms that in-
fluence individuals’ abilities to adopt new technologies. Further, new technologies and new
agricultural management techniques combined with pre-existing barriers may deepen gen-
der and other inequalities (e.g. WEF 2018; Tittonell 2019; Skeer and Leme 2019; NAS
2019). Understanding unintended consequences is particularly important for supporting
marginalized populations and addressing social exclusion within the AFS. For example, if
innovations require additional labor requirements, gender-based time poverty may worsen
or may contribute to gender-based productivity gaps (Simelton and Kawarazuka 2019).
Similarly, aging populations may increase the time burden for (often female) caregivers and
increase demand for convenience foods, potentially at the expense of health (Meenakshi
and Webb 2019).

Future foresight work would benefit from taking an intersectional approach to under-
standing how gender interacts with other categories such as age, status, poverty, and ethnic-
ity. Doing so will better identify the needs of and means to support the most marginalized
(Huyer et al. 2019). These issues are relevant for foresight research on reducing poverty in
the AFS as well.

7.2 Poverty

Several themes emerge around poverty. Poverty-related outcomes are presented in terms
of food security (e.g. Palazzo et al. 2014), food prices (Hasegawa et al. 2018), or GDP,
sometimes adjusted for inequality (Palazzo et al. 2014). Changes in food prices and GDP
have differential effects based on the AFS role and poverty status of a given actor. Foresight
studies do not consistently identify both consumers and producers. Few studies discuss the
poverty impacts for other AFS actors (e.g. processors, transporters, and day laborers), al-
though different sectors of the economy may experience different rates of growth: if GDP
increases primarily in urban areas, urban consumers may benefit while rural producers are
left behind. Further, few foresight studies advocating for the adoption of sustainable agri-
cultural techniques discuss labor requirements (HLPE 2019). More attention to labor as
an input in the AFS could help researchers understand the potential challenges to adoption
and potential for poverty alleviation. Future foresight work would benefit from making ex-
plicit how various outcomes link to or interact with poverty. Further, few foresight studies
recognize that consumers, producers, and other actors in the AFS can be impoverished and
different policies may impact them differently.

7.3 Nutrition

Across studies, there is general agreement that overnutrition will rise under the Business as
Usual case. Undernutrition may increase as well, particularly in South Asia and sub-Saharan
Africa. Nutrition-focused foresight studies argue for a shift from production of staples (or
staples and livestock) to greater access to and production of diverse diets. Several foresight
studies chart pathways to expand the supply of affordable, healthy foods, ensure those
foods reach consumers, and encourage consumers to eat them. These diets converge on low
consumption of animal-based products and increased consumption of fruits, vegetables, and
pulses. How to shift consumer demand toward more diverse diets remains an area of debate.
Proposals include mixtures of policy nudges, changes to pricing, decreased waste, improved
storage, expansion of nutrition-sensitive agriculture, and adoption of speed-breeding tech-
niques. Changes will likely require systemwide interventions and policy guidance.
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Shifts in consumer preferences are happening, but the direction and magnitude of these
changes are currently ambiguous. There is substantial disagreement about whether more
people will adopt Western diets or whether people will eat healthier, diverse diets. In some
studies, production of calories (or calories and livestock) is the primary focus, with less
attention to dietary quality and the role of horticultural products (e.g. Palazzo et al. 2014;
NAS 2019). When studies focus on one aspect of the triple burden (e.g. expanding access
to Al to increase yields), there is a risk that such technologies, if pursued in isolation, could
adversely impact other forms of malnutrition (e.g. increased overnutrition due to the cheap
and expanding availability of staples).

Other transformations in the AFS may hinder improvements in nutrition or support
healthier outcomes. For example, increases in income may increase demand for unhealthy
diets or enable impoverished individuals to afford healthier foods. Policies can support
healthful consumer choices. Questions of consumer acceptance of biological-based crop
production, biotechnology for plant-based meat alternatives, synthetic biology, gene edit-
ing, and the role(s) of livestock production remain (WEF 2018; HLPE 2019; FOLU 2019;
Serraj et al. 2019). Finally, the impact of prices on nutritional outcomes is uncertain; prices
interact with consumer behaviors, cultural norms, and choices (HLPE 2017).

7.4 Ways forward

The degree to which foresight studies consider GPN-related outcomes varies. Much of the
foresight work that promotes socioeconomic changes to improve the AFS in a way that pri-
oritizes GPN outcomes relies heavily on the assumption that global coordination of policies
and regulations is possible. However, history has shown that efforts to coordinate globally
have had mixed success; that is, relying on transformative global governance to lead AFS
change may be a risky strategy. At the same time, other foresight work highlights the role
of technology and improved management techniques in our future AFS. The paths for these
innovations appear more certain and path dependent than the socioeconomic changes. Yet,
innovation-led studies tend to pay less attention to the barriers to equitable adoption and
to whether these innovations will support improved nutritional outcomes. The history of
development has demonstrated the challenges of equitable implementation of new techno-
logical innovations. While not considered directly in most of these scenarios, this history
suggests that there will be a range of emergent challenges in implementing and facilitat-
ing the adoption of new and potentially game-changing innovations in ways that do not
exacerbate existing social and economic inequalities. Without GPN outcomes explicitly in-
corporated into foresight research, the value of this research to policymakers aiming to
achieve the SDGs is diminished. Some of the uncertainty regarding GPN outcomes could be
resolved through future foresight work that not only addresses this gap, but also prioritizes
evaluating how and when to bundle or sequence interventions. Such research would help
policymakers understand the effects of interventions on the entire AFS and what trade-offs
may be required to transform the AFS into one that is sustainable, healthy, and just.
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