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ABSTRACT

The widely recognized role of roots, tubers and bananas (RT&Bs) in achieving food security and providing income opportunities in the world’s poorest regions will be
challenged by socioeconomic and climate related drivers. These will affect demand and production patterns and increase pressure on farming systems. Foresight
results presented in this paper show that the importance of RT&B crops for food security will likely increase by 2050 despite these challenges. Furthermore,
investments targeted at yield growth appear to be more effective than marketing improvements in alleviating production constraints and in strengthening the role of

RT&B crops in future food systems.

1. Introduction

The combination of climate change and rising populations are pre-
senting agricultural production systems with challenges that are of in-
creasing concern for food security. These issues are now at the top of
the political agenda in many nations; it is therefore important to un-
derstand existing and future pressures on agricultural systems and to
investigate available options for improving the capacity to supply food
and generate income. Modeling future agricultural demand and supply
under conditions of climate and socioeconomic changes is one strategy
to understand potential system performance, though modeling efforts
have typically focused on the cereal crops that currently form a sub-
stantial portion of the global diet (e.g., Rosegrant et al., 2014; Wiebe
et al., 2015). With recognition that other food commodities also merit
systematic analysis, this research examines the dynamics and role of an
alternative commodity group.

Roots, tubers, and bananas (including dessert bananas and plantains
- or cooking bananas) are important food crops and valuable marketed
commodities in many developing countries where their role in food
security and income generation has been widely recognized. The im-
portance of these crops (henceforth called RT&Bs) for food security
stems from their high yields and their carbohydrate content which
translate to a daily energy supply per cultivated hectare that is greater
than cereals (RTB, 2016). These two traits make RT&B crops an
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important source of calories for undernourished populations, particu-
larly in some Sub-Saharan countries where their energy contribution is
as high as 50% of the total daily calorie intake (FAO, 2017). RT&B crops
are often associated with home consumption and local trade, but be-
cause of their ability to grow even in marginal lands (especially cassava,
yam and sweetpotato) where other types of crops would not be com-
petitive, they are also considered as subsistence or “famine reserve”
crops.

In spite of research investment in developed countries to improve
yields and consumer traits of potato, RT&B crops in the developing
world have received little benefit from productivity growth as a func-
tion of R&D spillover compared to commodities like cereals and live-
stock that have a more prominent role in western diets (Scott et al.,
2000b). In Africa, where their food security role is particularly pro-
nounced, it has even been argued that RT&Bs have been ignored by R&
D programs on the premise that they do not respond positively to in-
vestments (Nweke, 2015). An indication of this underinvestment is
given by the Agricultural Science and Technology Indicators (ASTI) that
show that the number of full-time equivalent researchers (FTEs) who
worked on RT&B crops in developing countries in Africa, Asia and Latin
America during 2010-2014 was almost three times smaller compared to
cereals and livestock. The number of FTEs per unit value of gross pro-
duction of RT&B crops, which can be interpreted as a proxy for research
intensity, has also been found in Africa to be lower than cereals
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[authors' calculations based on data from ASTI (2017) and FAO
(2017)]. The underinvestment is also mirrored in the small number of
existing forward-looking studies on RT&B crops which can inform in-
vestment decisions and interventions to address food security issues.

Underinvestment in RT&B research and the corresponding gap in
the literature will have important implications for RT&B agriculture.
This presents an interesting conundrum when it comes to the devel-
opment of policy for effective, outcome-oriented investment. While
many, if not all, RT&B crops face similar challenges with respect to their
propagation mechanisms, breeding, and even marketing (RTB, 2016),
the individual context of RT&B crops varies wildly, especially on the
demand side. Besides their food security role, some RT&Bs are promi-
nent “high-value” commodities and a cornerstone of many first world
agricultural regions with tight links to the processing industry, while
others are heavily commodified as exports from the developing to the
developed world.

A dichotomy thus arises wherein the agricultural challenges asso-
ciated with RT&B crops are very similar, but their economic char-
acteristics are nearly orthogonal in many instances. This panoply of
issues poses many interesting questions about the contribution of these
crops in present and future food systems and about the role of different
research agendas in ensuring a stable and appropriate supply of these
important commodities. With the research presented here we in-
vestigate the evolution of supply, demand and trade of RT&Bs in dif-
ferent world regions as well as their contribution to global food security
to the year 2050. We also examine the pressures and constraints asso-
ciated with RT&B agriculture and characterize the potential impact of
different investment options for international agricultural research in-
tended to address these constraints, specifically investments that (i) aim
at yield gains versus infrastructure improvements and (ii) have varied
local focus.

2. RT&B crops and their role in the global food system to date

Globally, RT&B production has been growing steadily during the
last 50 years albeit at a slower rate compared to cereals (FAO, 2017).
Growth in RT&B production in Africa has outpaced other regions since
all five major RT&B crops are cultivated throughout the continent
(Fig. 1a). RT&B agriculture presents an interesting set of contradictions
in Africa however, as despite the high dietary contribution and natural
resilience to climate change, it is primarily a subsistence activity with
limited ties to the processing industry and few examples of value chain
development (Sanginga and Mbabu, 2015). RT&B crops are also asso-
ciated with gender concerns since women are highly involved in their
preparation as food and the share of female labor in their production is
typically greater than in other crops (Palacios-Lopez et al., 2017).

Of the many RT&B crops, cassava currently dominates production in
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Africa (Fig. 1b) but demand for the crop varies among different coun-
tries. In Nigeria it is often grown as a cash crop and its fresh roots
exhibit higher income elasticity of demand than grain cereals (Nweke,
2004). In other countries it is characterized as a famine reserve food,
and it has even been argued that it behaves as a Giffen good, with few
substitutes during the hunger period (Rusike et al., 2010). Similar uses
are reported for yam, especially in West Africa where the crop is also
tied to local traditions and cultural rites (Nweke, 2015). Banana culti-
vation is more equally distributed across the continent, though there is
significant variability in the value chains of the different banana types.
In West Africa dessert bananas are considered an important export
commodity while in East Africa plantain serves as staple food and the
region exhibits the highest per capita banana consumption in the world
(FAO, 2017). As annual crops, potato and sweetpotato benefit from the
double cropping season in some Sub-Saharan countries, facilitating near
year-round availability. Although RT&B crops are grown under rainfed
conditions everywhere in the continent as a secondary crop, potato in
North Africa is irrigated, with early maturing varieties grown as export
commodities aimed towards European markets (European Commission,
2007).

In contrast, RT&B growth in Asia since the mid 70's has resulted in
Asia becoming the largest RT&B producing region in the world. Much of
this growth is attributed to potato and sweetpotato production con-
centrated in China. While potato is often considered a high value ve-
getable (Scott and Suarez, 2012a), sweetpotato is used primarily as pig
feed and as a secondary vegetable. However, total sweetpotato demand
has been decreasing because of the lower prices of competing feed
grains, and as a function of “Bennet’s law”, the propensity of individuals
to spend less on starchy food staples as income increases (Fuglie, 2004).
Cassava production is concentrated in South East Asia and is particu-
larly prevalent in Thailand and Indonesia (FAO, 2017) where it is
grown for food, feedstock for starch and ethanol manufacture, and feed.
Cassava also figures prominently in international markets with dried
cassava having competed in the past against feed grains in Europe when
protectionist policies led to cereal price spikes (Bruinsma, 2003). Si-
milarly, the profile of banana production varies by region, with India
responsible for more than a forth of global production. In India, banana
is considered both as an important staple as well as a cash crop to be
sold in local markets. In contrast, dessert banana is an important agri-
cultural export commodity in the Philippines, which is currently one of
the major players in the global banana trade.

RT&Bs have, likewise, long played a key role as both staple and cash
crops throughout Latin America and the Caribbean (LAC), often con-
tributing significantly to economic growth. Sweetpotato, for example,
has served as an import element in different intercropping systems, but
production and area harvested has been declining due to changing
dietary habits and urbanization (Mukhopadhyay et al., 2011). Cassava
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Fig. 1. Global RT&B production statistics of fresh produce: (a) Regional aggregate production trends; (b) average regional production distribution of major RT&B

crops 2011-2014 (Source: FAO, 2017).
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production, on the other hand, remains abundant and the crop is found
throughout its viable range for consumption as fresh root, as well as in
value chains for various processed products including starches and
flours (Henry and Hershey, 2002). Banana exports to the United States
and the European Union have been a key motor of economic growth in
LAC, though often with high environmental and social costs (Murray
and Raynolds, 2000). As the potato center of origin, the Andean region
has been one of the key areas for advancing of both smallholder potato
production and the development of more sophisticated potato value
chains (Devaux et al., 2009). With harvested areas increasing in Peru
and Bolivia (FAO, 2017), potato remains the trademark staple in the
Andean region as well as an important crop for multiple uses.

The dynamics of RT&B agriculture in the developed world are
comparatively simpler than in the developing world. Banana con-
sumption (i.e., dessert banana rather plantain) is enabled principally
through imports from the tropics, cassava consumption is typically in
the form of imported feed or starch, and potatoes tend to dominate both
the North American and European RT&B sectors. Despite the competi-
tiveness of the European potato processing industry, production in the
continent has decreased significantly over the last decades because of
lower demand for fresh potatoes due to the shift of diets towards low-
calorie food, and because of lower utilization of potato as animal feed
(European Commission, 2007).

3. RT&B Foresight: Interpreting the past to understand the future

As crops grown and consumed throughout both the developing and
developed world, RT&Bs are commodities with global importance yet
serve multiple and differentiated roles. In order to understand how
focused investments have the potential to bolster RT&B crops in the
agriculture economy it is necessary to examine long-term trends in RT&
B supply and demand using modeling and quantitative foresight ap-
proaches. Until now, most forward-looking studies on RT&B crops tend
toward limited geographical coverage, disciplinary specificity, and only
examine a subset of potential range of crops. The result is several short
and medium-term crop-specific projections for yields and/or supply and
demand in various countries or regions based on economic models or
statistical extrapolation of historical trends (Jaggard et al., 2010; Scott
and Suarez, 2012b). Other studies have examined the productivity
changes brought about by climate (e.g. Raymundo et al., 2018), al-
though focusing on climate alone is insufficient to assess future devel-
opments in food systems since price effects and technology will largely
determine farmers’ response to climate change (Islam et al., 2016;
Reidsma et al., 2015). More comprehensive analyses wherein the im-
pact of socioeconomic drivers of change on the production and demand
of RT&B crops has only been considered in a handful of studies. Except
for the projections for world agriculture by the Food and Agriculture
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Organization (FAO) (Alexandratos and Bruinsma, 2012; Bruinsma,
2003), only Scott et al. (2000a, 2000b) have attempted similar global
projections for root and tuber crops, but not banana. While useful in
their own right, these projections did not consider the impact of climate
and are now outdated, with a time horizon of 2020.

A key objective of this work is to update previous projections and to
characterize future trends for RT&B crops within a framework that
accounts for possible changes in both the agroecological and socio-
economic environments in which farmers operate. We leverage the
findings from the foresight study of Rosegrant et al. (2017) examining
large scale investment in agriculture, and build on this to explore RT&B
crop dynamics. This study provided a baseline projection for 2050
across major crop production systems, as well as a quantitative as-
sessment of the impacts of alternative investment options for agri-
cultural research, resource management and infrastructure. Due to the
breadth of the exercise, however, it did not include an analytical dis-
cussion for every commodity modeled. In this paper we examine in
detail results related to RT&B crops and compare them, when possible,
with findings in the relevant literature in order to understand potential
future changes to RT&B farming systems from a global food security
perspective, vis-a-vis other commodities.

The projections by Rosegrant et al. (2017) were produced with an
integrated modeling framework developed around the global partial
equilibrium model IMPACT, linked to a set of crop, livestock and hy-
drological models, in what is commonly characterized as a “structural
modeling approach” (Islam et al., 2016). This model ensemble captures
the effect of multiple drivers of change, namely climate, water avail-
ability, technology, population growth and market effects. Detailed
information about the different components of the IMPACT modeling
framework can be found in Robinson et al. (2015).

Baseline projections serve as the counterfactual against which to
evaluate shocks and perturbations to the agriculture system, in this case
the impact of different types of investments. The assumptions in-
corporated in the baseline scenario in Rosegrant et al. (2017) derive
from a combination of socioeconomic and climate change pathways,
namely the Shared Socioeconomic Pathway 2 (SSP2) and the Re-
presentative Concentration Pathway 8.5 (RCP8.5), both developed by
the Intergovernmental Panel for Climate Change (IPCC). The combi-
nation of the two pathways produces a simulation scenario which posits
a “middle of the road” scenario for trends related to population and
economic growth, and a climate scenario that characterizes fairly rapid
change with limited implicit consideration of adaptation or mitigation
policies. The socioeconomic assumptions associated with SSP2 are il-
lustrated in Fig. 2.
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Fig. 2. Baseline scenario socioeconomic assumptions: (a) Population projections per region; (b) GDP per capita projections per region in 2010 constant prices

(Source: Rosegrant et al., 2017).
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4. Understanding the baseline: RT&B agriculture through 2050

Under baseline conditions for 2050, Rosegrant et al. (2017) suggest
that production of RT&B crops will reach 1400 million tons (fresh
produce), a global increase of almost 50% over 2010. Increase in supply
is expected to exhibit higher concentration in developing countries,
with Africa emerging as the world’s biggest RT&B producing and con-
suming region. This result is consistent with the projections for popu-
lation growth in the continent which is expected to double by 2050
(Fig. 2a) and increases in income, both of which will stimulate in-
creased demand for food. The composition of demand will exhibit
minor changes, with the percentage of RT&B crops used as food re-
maining stable. However, the feed share is expected to decline since the
already observed trend in Europe and China of substituting grain cer-
eals for RT&B crops as animal feed will persist.

The impact of population growth on the supply and demand equi-
librium is confounded by climate change and water availability which
will be key factors for crop productivity. Whereas some of the crops in
the group like potato and banana are sensitive to water stress, others
like cassava, yam and sweetpotato are intrinsically drought tolerant and
can grow in regions with limited rainfall (Acevedo Mercado et al., 2015;
Jarvis et al., 2012; Mukhopadhyay et al., 2011). Banana will exhibit the
highest growth in supply and demand among all RT&B crops and across
all regions (Fig. 3). In line with the previously mentioned agronomic
traits, the projected supply increase for banana is expected to be land-
driven. Given future pressures in land availability that will arise due to
population growth and changes in income, rapid urbanization and
competition with other crops, the increase in banana harvested area
requires the intensification of existing croplands and adoption of
management practices like intercropping with coffee, which can pro-
vide significant agronomic benefits for both crops and higher profits to
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the adopting farmers (Van Asten et al., 2011).

Results from Rosegrant et al. (2017) further suggest that per capita
consumption of RT&Bs will increase in developing countries, particu-
larly in Africa, which is consistent with the argument that agroecolo-
gical conditions combined with poverty may drive a transition towards
RT&B crops (Alexandratos and Bruinsma, 2012). A similar increase is
projected in the energy contribution of RT&Bs to human diets in Africa,
although the relative change is smaller compared to other commodities
(Table 1). Elsewhere, the percentage calorie intake from RT&Bs will
decrease slightly, following the expected shift from traditional staples
towards other foods, primarily meat. Despite these regional dietary
differences, the RT&B energy contribution to diets is expected to in-
crease by 2050 globally.

The projected increase in food availability of RT&B crops in Africa is
in line with earlier estimates of Alexandratos and Bruinsma (2012) who
argued that the potential for productivity growth in cassava and yam by
2050 in the Sub-Saharan region could be an important driver for in-
creasing RT&B consumption. Indeed, Rosegrant et al. (2017) project a
significant supply increase for yam and cassava in Africa that will be
achieved through yield improvements. The yield growth for yam can
also be attributed to the localized nature of its production and con-
sumption; assuming that yam processing would not change much be-
tween 2010 and 2050, with minimal exports restricted between
neighboring countries (Nweke, 2015), yam would still be consumed
where it is grown, and the projected yield growth is necessary for
matching the increase in consumption.

Sweetpotato production in Africa is also expected to more than
double, driven mainly by improvements in yield which is currently far
below the world average. Since increased market demand is an effective
driver of agricultural technology adoption, and hence of productivity
improvements (RTB, 2016), an additional potential driver of
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Fig. 3. Changes in RT&B agriculture for 2010-2050 under a baseline foresight scenario. (Source: Authors’ calculations, based on Rosegrant et al., 2017).
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Table 1
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Change in food availability and dietary energy contribution of RT&B crops by 2050 under the baseline scenario. Source: Authors’ calculations, based on Rosegrant

et al. (2017).

2010-2050 change in food availability (% of kg of fresh produce/person)

2010-2050 change in diet contribution (% of total Kcal)

RT&B Cereals Meat RT&B Cereals Meat
Africa 15.4% - 2.7% 88.5% 1.1% - 6.6% 2.5%
Asia 6.8% - 1.6% 40.0% — 0.5% —9.0% 0.6%
L. America & Caribbean 3.4% - 3.9% 23.2% — 0.4% — 4.4% 1.4%
Europe & N. America — 6.9% - 1.8% 5.2% — 0.4% - 0.9% 0.5%
Developed countries - 6.2% — 0.5% 10.1% — 0.4% - 1.0% 0.9%
Developing countries 19.2% - 2.8% 35.0% 0.8% — 8.0% 0.6%
World 16.4% - 2.1% 23.7% 0.7% - 6.3% 0.5%

sweetpotato yield growth is the high nutrition value of orange-fleshed
sweetpotato varieties that are ideal for combatting vitamin A deficiency
(Low et al., 2017); behavioral change, in the form of consumers seeking
more nutritious food, could boost sweetpotato consumption in the re-
gion. This also implies value chain improvements and the strengthening
of sweetpotato markets which are currently very small (Low et al.,
2009). In Asia, evidence suggests that Bennet's Law and the "wester-
nization" of diets that has reduced sweetpotato demand for food
(Pingali, 2006) will persist, while demand for feed is also expected to
decrease.

The high-income elasticity of demand for potato may also prove an
important driver for production growth in some developing countries
(Alexandratos and Bruinsma, 2012). Rosegrant et al. (2017) report si-
milar findings for LAC and Asia, particularly in India, where land ex-
pansion is projected to increase potato supply by 180% compared to
2010; this growth surpasses the expected increases in food demand due
to population growth alone. Elsewhere, instead of land expansion, the
sustainable intensification of existing cereal systems, especially rice,
with early maturing potato varieties can increase overall productivity
and agricultural income (Biswas et al., 2006). We note that the pro-
jected growth in potato yields in India is lower than those estimated
through statistical extrapolation (Jaggard et al., 2010). However, given
that potato consumption in the country is currently lower than in other
parts of Asia, and that India is predominantly a vegetarian culture, the
projections by Rosegrant et al. (2017) may prove conservative. Eco-
nomic growth by 2050 is likely to result in higher consumption levels
for potato and may lead to further productivity growth and investment
from the processing industry (Scott and Suarez, 2011).

Even with aggregate increases in potato supply and demand in Asia,
consumption will likely decrease in China as a function of the lower
population growth rates posited by SSP2, and diets moving more to-
wards meat and cereal products. The demand projections for potato
contradict previous empirical short-term estimates that were based on
historical trends (Scott and Suarez, 2012b). Nevertheless, the high
growth trends of potato demand reported for China until recently are
unlikely to persist given the population assumptions incorporated in
SSP2. One uncertainty surrounds unanticipated demand, especially as
related to value chain improvements and stronger links to the industry
that can increase supply of processed products (Scott and Suarez,
2012b).

5. Investment as a driver of alternative futures for RT&B crops

The baseline results in Rosegrant et al. (2017) suggest that, as a
function of their food security role, RT&Bs will increase in terms of
presence and importance in the world’s most populous regions. With a
baseline scenario reflecting a “business-as-usual” pathway that typifies
ongoing underinvestment in RT&B crops, the question of investment
remains. Could new R&D investments in RT&Bs alleviate existing
challenges in their production and marketing, generate new demand
and strengthen the long-term economic viability of these key crops?
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5.1. Overcoming production challenges

Although climate is an important factor affecting crop yields, cur-
rently in many developing countries the full yielding capacity of RT&B
crops is also restrained by poor water, crop and soil management
practices. Adoption of better agronomic management is a key strategy
for yield improvements (RTB, 2016), especially when combined with
favorable market conditions, as is shown by Howeler (2014) for cassava
in Asia. However, climate change will not only affect future crop yield
through abiotic stresses but will also have an indirect effect in facil-
itating change in the ecological niches associated with the frontiers of
related pests and diseases. With increasing globalization, the economic
repercussions of pest and disease shocks have the potential to ripple
through many different regions if not quickly and effectively mitigated
through improved management (Wyckhuys et al., 2018).

As vegetatively propagated crops, biotic constraints present greater
challenges for RT&Bs than for cereals because planting material must be
free of pathogens; pathogens in RT&B systems are easily spread through
affected planting material and result in yield and quality losses
(Thomas-Sharma et al., 2016). The lack of formal seed systems, i.e. the
regulated production and distribution of certified quality planting ma-
terial, is often seen as a major productivity constraint for RT&B crops in
many developing countries (RTB, 2016). Strengthening the policy en-
vironment surrounding certification and use of RT&B seeds by small-
holder farmers via action with National Agricultural Research Systems
(NARS) and the private sector is seen as a key solution to overcoming
the seed system challenges in RT&B crops (Minot et al., 2007).

Vegetative propagation also has implications for breeding since the
use of botanical seed translates to slow recombination rates and has
historically led to slower and proportionally smaller yield improve-
ments compared to grain crops (Brown et al., 2014). In addition, the
genetic complexity of most RT&B crops and the genetic incompatibility
issues that arise due to polyploidy (more than two paired chromosome
sets), further complicate the genomic and genetic analysis of trait seg-
regation patterns for breeders (RTB, 2016). Breeding difficulties also
beget the proportionally lower interest from the private sector and are a
key reason why national breeding programs for RT&Bs are generally
weaker than cereals (Scott et al., 2000a).

Underinvestment in R&D has further marketing implications for RT
&B crops because they are harvested fresh with a water content that
ranges between 60-80% (USDA, 2018) and are therefore more perish-
able than grains (Affognon et al., 2015). Various storage methods are
used for reducing post-harvest losses in yield and quality, but their
applicability and adoption depends on the usage of the harvested pro-
duct, with more advanced storage methods reserved for products often
found in export markets. Investments in improving existing storage and
marketing infrastructure are therefore necessary to extend the shelf life
of RT&Bs. Such improvements can increase RT&B food availability and
food stability, facilitate the development of higher-value supply chains,
strengthen links with the processing industries, and ultimately enhance
the income generation function of RT&B crops. In turn, higher
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Table 2

Investment scenarios for RT&B crops. Source: Rosegrant et al. (2017).

Global Food Security 20 (2019) 180-188

Type of investment Scenario

Description

Rationale

Productivity Enhancement HIGH R&D (HIGH)

(Improving food availability)

High increase in CGIAR investments globally

It can alleviate existing breeding challenges for RT&B crops
and expedite yield gains

HIGH R&D + NARS
(HIGH + NARS)

High increase in CGIAR investments globally and
increased investments from National Agricultural
Research Systems (NARS)

Derived from the HIGH scenario by assuming additional
yield gains attributed to the empowerment of NARS. It is
an extreme investment scenario under which both CGIAR
and NARS increase their research funding. It targets
challenges related to seed systems and decentralized
breeding, but can also cover personnel gaps for NARS in
key disciplines (Beintema and Stads, 2017)

REGIONAL FOCUS
(REGION)

High increase in CGIAR investments for Sub-
Saharan Africa (SSA) and South Asia (SAS).
Medium increase in CGIAR investments elsewhere

A scenario that focuses on SSA and SAS which will be the
world’s most populous regions by 2050, where RT&B crops
are considered food security crops

Improved market access
(RMM)

Infrastructure and Agricultural
Marketing (improving access to
food)

Improvements in energy, transportation and
storage infrastructure to increase market
efficiency

It can induce productivity growth and improve access to food
through improvements in every segment of the value chain.
Improvement of storage facilities to reduce post-harvest

losses and marketing innovations also fall under this
investment scenario

agricultural incomes can provide additional incentives for the adoption
of improved RT&B technologies among smallholder farmers who are
now often unwilling or unable to innovate (Fermont et al., 2010;
Gildemacher et al., 2009).

5.2. Alternative futures with strategic investments

We examine three productivity growth-related investment scenarios
and one marketing improvement scenario presented in Rosegrant et al.
(2017). The investments simulated in these scenarios, summarized in
Table 2, simulate improvements in two different pillars of food security,
namely food availability and access to food (FAO et al., 2013). The
scenarios do not focus exclusively on RT&B crops, rather they constitute
different examples of investment strategies that can help improve the
international agricultural research portfolio. Nevertheless, the as-
sumptions incorporated in the selected scenarios makes them particu-
larly relevant for RT&B agriculture and can also reveal the response of
the RT&B sector to non-crop specific investments to research, also vis-a-
vis other commodities.

As shown in Fig. 4, all investment scenarios that intend to improve

Food Availability
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productivity have the potential to increase global supply and per capita
consumption of RT&B crops compared to the baseline 2050 scenario.
This would lead to a new market equilibrium for each crop that cor-
responds to lower prices and higher demand levels. The HIGH +NARS
scenario exhibits the highest growth among all scenarios in both de-
mand and supply, as it assumes additional investments designed to
strengthen NARS as compared to the HIGH scenario. Although it is
evident that empowered NARS working in close collaboration with
CGIAR centers can bring about higher benefits for RT&B crops, HIGH
+ NARS does not necessarily correspond to a realistic funding scenario
because increased investments in the CGIAR could potentially result in
a crowding-out effect, discouraging local governments to allocate
public funding going towards agricultural research and extension. In
this sense, HIGH + NARS should rather be viewed as a sensitivity test to
examine what would happen if public funding for empowering NARS
could be designed in such a way so as to complement CGIAR invest-
ments.

In contrast to production-oriented scenarios, the RMM scenario does
not directly affect crop yield. It instead represents improvements to
market efficiency by reducing the cost for food while allowing
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Fig. 4. Regional changes in demand and supply of RT&B crops by 2050 under different investment scenarios (percentage changes of 2050 projections with in-
vestments over the 2050 baseline projections without investments). Total demand for RT&B crops is measured in metric tons and is calculated as the aggregate of all
demand types (food, feed, seed, industry, other). Food availability is measured in kilograms per capita and represents the per capita consumption of food, that is, the
"food" part of total demand. The simulated market equilibrium by IMPACT sets total demand equal to supply (also measured in metric tons) and hence the depicted
changes for demand in line "World" are equal to the changes in supply. (Source: Rosegrant et al., 2017).
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Fig. 5. Regional changes in production statistics of RT&B crops by 2050 under different investment scenarios (percentage changes of 2050 projections with in-
vestments over the 2050 baseline projections without investments). Grey boxes indicate low importance or no cultivation. (Source: Rosegrant et al., 2017).

producers to capture a greater share of the final consumer price. The
goal is to enhance certain dimensions of food security (economic and
physical access to food) through improved pricing instead of improved
quantities; this results in the lowest aggregate growth in supply and
demand and thus to smaller reductions in prices compared to the three
productivity improvement scenarios. Since commodity prices are in-
dicators of economic access to food (FAO et al., 2013), these results
indicate that the RMM scenario, as specified and simulated by
Rosegrant et al. (2017), can provide only marginal contributions to the
role of RT&B agriculture in enhancing global food security. Moreover,
the RMM scenario does not explicitly consider how localized con-
sumption, production and trade, and the lack of appropriate institutions
might actually impede the development of high value RT&B chains in
many developing countries. These factors ultimately relate to physical
access to food and likely require quantitative tools operating at finer
geographical scales; there is no clear consensus regarding the appro-
priate level of the analysis or the appropriate indicators (Van der Ploeg
et al., 2015).

The HIGH and REGION scenarios lead to an almost similar increase
in global supply growth of RT&Bs over the 2050 baseline but differ
significantly on the spatial distribution of supply growth because of the
different assumptions they incorporate (Fig. 5). The different spatial
patterns are clearly evident in the decrease in banana production in

186

LAGC, since investments under the REGION scenario target higher pro-
ductivity growth in South Asia and Sub-Saharan Africa (as explained in
Table 2), shifting the concentration of banana production towards these
regions. The decrease of banana production in LAC under the REGION
scenario is manifested mainly through a decline in cultivated area. Si-
milar declines in harvested areas, compared to the 2050 baseline, are
projected under all investment scenarios for most RT&B crops. Potato
appears as an exception to this trend since its cultivation will expand in
LAC under the REGION scenario and in Africa under the HIGH and
HIGH + NARS scenarios. Potato land expansion is mainly associated
with irrigated areas (e.g., coastal Peru, and North Africa) where the
crop is grown primarily for commercial purposes and is accompanied
by high productivity improvements. This result reveals that the com-
mercial orientation of crop production and irrigation may have a
multiplier effect to the investment-induced productivity growth.
Whereas supply growth compared to the 2050 baseline differs
among the various scenarios, the simulated increase in demand is
spatially more homogeneous as it depends on the changes in prices.
However, price reductions brought about by increased food supply will
modify the relative prices of agricultural commodities and trigger
substitution effects in consumption. Under these changes, all invest-
ment scenarios can increase RT&B demand in all regions compared to
the 2050 baseline projections (Fig. 4). The percentage caloric intake
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Fig. 6. Net trade of RT&B crops by 2050 under the baseline and different in-
vestment scenarios. (Source: Rosegrant et al., 2017).

from RT&B crops is also expected to increase slightly in both developed
and developing countries.

The different spatial patterns of supply and demand growth ulti-
mately lead to differences in comparative advantage and net trade of RT
&B crops among the various scenarios; under REGION, the trade bal-
ance for African countries improves compared to HIGH and HIGH
+NARS, since the greater supply growth minimizes the need for im-
ports, which in turn leads to a decrease in exports from Asia and LAC
(Fig. 6). This result reveals that spatially-targeted investments can have
further positive impacts on food security over and above what is in-
curred by productivity growth, as they can improve the self-sufficiency
of food production, reduce dependency from imports, and finally de-
crease the risk from volatile world prices and productions shocks in
exporting countries. Despite these changes, however, traded RT&B
volumes remain relatively small compared to total production in all
investment scenarios.

6. Discussion and conclusions

RT&B crops are grown in different contexts and for different pur-
poses, serving as food, feed and cash crops, or as primary input for
derivative products. However, their key role in supplying calories and
nutrition to the food systems in many developing countries makes it
important to look at future production and demand trends and to better
understand how R&D investments might be best targeted. The struc-
tural modeling approach shows that under a baseline simulation sce-
nario, production of RT&B crops by 2050 can increase in developing
countries, driven mainly by yield improvements. Food availability and
energy contribution to diets will also increase, which indicates the
growing importance RT&Bs for food security in regions where they are
used as staples, particularly in Africa. Potato is the crop that stands out
because of its role in food systems for both developed and developing
countries. As such, the crop is more affected by changing preferences
than are other RT&B crops, especially in countries like China where the
baseline scenario posits rapid economic development but low popula-
tion growth.

While simulated investments for improving yields suggest sig-
nificant productivity gains and induce demand growth due to lower
prices, focusing on yield alone is shortsighted. Yield-increasing invest-
ments are shown to increase food availability and the energy con-
tribution of RT&B crops to human diets compared to the baseline sce-
nario for 2050. This does not consider, however, the highly local nature
of much of the RT&B economy. The analysis also reveals that more
spatially targeted investments can further strengthen the role of RT&Bs
as food security crops. Specifically, investments that aim at increasing
productivity in regions which are expected to face high population
pressures, like Sub-Saharan Africa and South Asia, can serve to effi-
ciently target increasing supply and reducing dependency from imports,
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thus improving stability of food access (FAO et al., 2013). On the
contrary, the foresight results analyzed herein do not provide enough
evidence to support the supposition that economic incentives to
strengthen supply and demand through reducing market inefficiencies
have the potential to affect the food security role of RT&B crops.

One of the challenges for agriculture in the future is arguably the
competition between food, feed and fuel. Although the modeling fra-
mework employed by Rosegrant et al. (2017) addresses the food vs feed
question endogenously (Robinson et al., 2015), it does not examine how
the increasing demand for biofuels can affect the food security role of
RT&B crops. Production of ethanol from cassava and sweetpotato is a
practice that is being pursued in several countries like China and In-
donesia (Qiu et al., 2010) and may put additional pressure to RT&B
production systems. Nevertheless, achieving food and fuel objectives
can present synergies like the absorption of market shocks by the bio-
fuel sector, resulting in more stable access to food (Drabik et al., 2016).
Furthermore, this analysis does not consider the fundamental shift to-
ward cassava production for starch in South-East Asia, and trends for
cassava and competing starches may not adequately reflect this regional
dynamic. Finally, both the baseline and the investment scenarios as-
sume a continuation of existing agricultural and trade policies toward
RT&B crops. Although policy changes can possibly lead to significant
deviations from the projections presented herein, they are beyond the
scope of foresight analysis because the main objective is to capture and
explain future trends in the evolution of RT&B farming systems.

Despite these caveats, our analysis clearly shows the potential of RT
&B crops to continue being the mainstay of human diets in many of the
world’s poorest regions. Given the climate resilience of most RT&B
crops, and the nutritional benefits that come from biofortification and
their high energy content, RT&Bs can form a strong basis for develop-
ment programs that aim at reducing malnutrition and poverty in de-
veloping countries. The scenarios examined provide evidence that ap-
propriate investments can offer significant productivity gains to RT&B
agriculture and can, in turn, become an important part of the success of
different development programs. It has also been shown, in the case of
potato, that links to markets can amplify the impact of these invest-
ments on crop productivity. Improving the commercial prospects of RT
&B crops requires the appropriate institutional and policy interventions
to facilitate innovation in production and marketing that will finally
allow their transformation from subsistence commodities to high value
products. This transformation will enhance the income generation role
of RT&B crops and increase the employment opportunities for both men
and women throughout the world's many and diverse RT&B producing
areas.
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