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laurette.dube@mcgill.ca

The causes of many vexing challenges facing 21st-century society are at the nexus of systems involved in agriculture,
health and wealth production, consumption, and distribution. Using food as a test bed, and on the basis of emerging
roadmaps that set achievable objectives over a 1- to 3-year horizon, we introduce this special feature with convergence
thinking and practice at its core. Specifically, we discuss academic papers structured around four themes: (1)
evidence for a need for convergence and underlying mechanisms at the individual and societal levels; (2) strategy
for mainstreaming convergence as a driver of business engagement and innovation; (3) convergence in policy and
governance; (4) convergence in metrics and methods. Academic papers under each theme are accompanied by a
roadmap paper reporting on the current status of concrete transformative convergence-building projects associated
with that theme. We believe that the insights provided by these papers have the potential to enable all actors throughout
society to singly and collectively work to build supply and demand for nutritious food, in both traditional and modern
food systems, while placing the burdens of malnutrition and ill health on their core strategic agendas.
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Background and introduction

It is well known that the causes of many vexing
challenges facing 21st-century society are at the
nexus of systems involved in agriculture, health and
wealth production, consumption, and distribution,
be it for stemming biodiversity loss,1–3 stopping cli-
mate change,4,5 reducing poverty,6–8 ensuring food
security,9–11 or containing healthcare costs driven
to ever higher heights, largely by diseases tied to
modern diet, lifestyle, and environment.12–17 These
problems are complex, multilevel, multisectoral,
and heterogeneous;2,18 they are woven into the ev-
eryday lives of individuals and families and into tra-
ditional and modern societies around the world.18,19

Bringing solutions at scale to such complex chal-
lenges requires both behavioral change and ecosys-
tem transformation. Food, being common to all

systems involved in causes and solutions, may po-
tentially be a key lever for changing the well-
entrenched industrialization patterns where the rest
of the world converges with the West on income,
lifestyle, and diseases.20–22 Using food as a test bed,
we could potentially redefine a new 21st-century
convergence that better bridges traditional villages
and siloed modern systems to reduce the collateral
damages listed above, while continuing to accelerate
human and economic development.

An earlier special feature of the Proceedings of
the National Academy of Sciences (PNAS) on Agri-
culture Development and Nutrition Security called
for forward thinking around paths of convergence
for agriculture, health, and wealth, with a focus
on a richer integration of smallholder farmers into
state, national, and global agricultural and food sys-
tems, health systems, value chains, and markets.21
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The outline of a roadmap was proposed for a
full-fledged, transdisciplinary approach to support
real-world change of sufficient scale and scope.
Suggestions were made concerning research avenues
for an actionable understanding of decision mak-
ing that accounts for individual and contextual
diversity, and intertemporal development effects;
for health systems that improve service access and
quality for the most vulnerable; for new approaches
to innovation that build bridges across agricultural,
health, and wealth production–consumption sys-
tems; for scaling up of business engagement in mul-
tilevel collaborations with civil society and public
organizations centered on the needs of the poor-
est and most vulnerable; for policy convergence and
novel models of governance that break down state–
market bipolarity in ways that enable both coop-
eration and competition across sectors and levels
of jurisdiction; and finally, for the development of
metrics and models to support integrated, near real-
time decision making by all actors involved.

At the time of publication, we were challenged by
supporting philanthropies, funding agencies, and
other partners to give a solution orientation to
this roadmap and to anchor its development and
deployment into concrete actions on the ground
and over the full spectrum of development (i.e.,
from low- and middle-income countries to emerg-
ing economies and industrialized nations). Such a
whole-world perspective is clearly motivated since
changes in both traditional and modern societies
are needed in order to meet the agriculture, health,
and wealth needs of an expected 9.7 billion peo-
ple by 2050 (an increase of around 37% beyond the
7.1 billion in 2013; http://www.prb.org/pdf13/2013-
WPDS-infographic_MED.pdf).23 With a global
urban population crossing the 50% mark,24 main-
taining the status quo would call for the world pro-
ducing 70% more food by this timeline23,24 and
for ensuring universal access to a healthcare sys-
tem whose demand is fueled largely by the present
pattern of industrial development.25 In a country
such as the United States, for instances, where a
substantial percent of uninsured individuals repre-
sent over 15% of GDP cost and is rising,26 healthcare
costs are the most significant threat to future public
finance.12–14

Pragmatically moving away from such an alarm-
ing future scenario and aiming to tweak the many
natural and man-made systems at play,27 the con-

ference “Paths of Convergence for Agriculture,
Health, and Wealth,” hosted in New Delhi in June
2012, and the follow-up week-long workshop at
the Rockefeller Foundation’s Bellagio Resident Fel-
lows program in November 2012, presented con-
crete roadmaps for change on the ground, enlisting
the knowledge, capability, and eagerness to act of
participants from academia, civil society, and the
private and public sectors. The emerging roadmaps
and their project portfolio rally strategic consortia
around concrete and time-bound problems in ei-
ther or both developed and developing world con-
texts and where convergence can add value and scale.
These roadmaps set achievable objectives to be im-
plemented over a 1- to 3-year horizon and generate
intellectual leadership, policy direction, and prod-
uct and program innovation through novel collab-
orations at local, national, and global levels. This
convergence thinking and practice formed the core
substance of the present issue of Annals of the New
York Academy of Sciences, with academic papers be-
ing structured around four themes: (1) evidence for
a need for convergence and underlying mechanisms
at the individual and societal levels; (2) strategy for
mainstreaming convergence as a driver of business
engagement and innovation; (3) convergence in pol-
icy and governance; and (4) convergence in metrics
and methods. Papers under each theme are accom-
panied by a roadmap paper reporting on the cur-
rent status of concrete transformative convergence-
building projects associated with that theme. In this
introduction, we first explore the relevance of each
theme. Second, we review the perspective brought
by each paper, and finally, we discuss the challenges
and possibilities in pursuing the journey toward a
full-fledged transdisciplinary science for the 21st
century convergence.

Convergence needs and mechanisms

As per the definition of the 1996 Rome Decla-
ration,28 food security that would eradicate the
triple burden of undernourishment, micronutrient
deficiency, and overnutrition around the world and
reduce that of ill health is a condition “when all peo-
ple, at all times, have physical and economic access
to sufficient, safe, and nutritious food to meet their
dietary needs and food preferences for an active and
healthy life.” Over the last few decades, although
the scale remains insufficient, significant progress
has been made in reducing the food-related burdens
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of resource-poor contexts (i.e., undernourishment
and micronutrient deficiency).29 In contrast, an
overall regression is observed at the population level
in resource-rich contexts (i.e., overnutrition),15–17

with the exception of a handful of countries that
show a reverse trend in overnutrition and the spread
of noncommunicable chronic diseases (NCDs),30–32

sometimes due to a rise in GDP.33 The multiplic-
ity of mechanisms involved in causes and solutions
underscores a major challenge in articulating paths
of convergence that go beyond what has been pos-
sible thus far. These mechanisms range from bio-
logical and behavioral processes influencing food
choice, nutrition, and health, to the diverse social
influences that frame individual and collective deci-
sion making, to the unique pathways through which
agriculture affects nutrition in traditional systems,
and the complex dynamics involved as modern value
chains and markets evolve. The papers in this issue
in turn address these diverse but interrelated mech-
anisms, while the roadmap papers provide an early
illustration of how such complexity can be better
harnessed to improve child nutrition and health.

Developments in brain,34,35 economic,36 and
marketing37 sciences, primarily conducted in mod-
ern contexts, have provided a rich understanding
of individual-level mechanisms underlying con-
sumption choice and behavior. In fact, inform-
ing demand-building strategies to absorb an ever-
growing innovation and production capacity and
diversity has been one of the thrusts of many dis-
ciplinary sciences in the last century.20,21 This has
been blamed as a key driver of overnutrition in
the resource-rich contexts of Western societies and
emerging economies.15–17 In contrast, such deep
knowledge of human decision making and behavior
has been relatively ignored with respect to bring-
ing solutions to all facets of malnutrition and ill
health, which as of yet still rely almost exclusively
on education, prescription, or restraining environ-
mental policy.36 However, because the human be-
ing is, in turn, a consumer, producer, patient, and
citizen, such knowledge, in particular for food,
may be critical to achieve impact and scale in
both resource-poor and resource-rich contexts. For
instance, Portella and Silveira38 examine the deter-
minants of food choice and eating behavior in the
especially vulnerable population of children born
with fetal growth restrictions. This early adversity
induces a series of adaptive physiological responses

aimed at improving survival, but imposes increased
risk for developing chronic nontransmittable dis-
eases (i.e., obesity, type II diabetes, cardiovascular
disease) in the long term.39,40 Recently, mounting
evidence has shown that fetal growth impairment is
related to altered feeding behavior and preferences
through the life course.41 When living in coun-
tries undergoing nutritional transition, individu-
als experience the coexistence of underweight and
overweight problems (the double burden of mal-
nutrition). In this context, fetal growth–restricted
children can be simultaneously growth restricted
and overweight—a double burden of malnutrition
at the individual level.42,43 Considering food pref-
erences as an important aspect of food security, the
authors of this paper summarize the putative neuro-
biological mechanisms at the core of the relationship
between fetal growth, eating behavior, and nutrition
over the life course, as well as the evidence linking
early life adversity to later food preferences. Such re-
search on the full array of motives driving food and
other consumption behaviors is critical, as eating is
the single human behavior common across all three
facets of malnutrition.

Human communities and man-made systems
emphasize information, technology, and social or-
ganization, with cognition, information, and com-
munication flow as powerful variables affecting how
individuals and societies interact with their envi-
ronments and define their priorities.27 Scientific
advances in simulating the physical and economic
processes and outcomes of traditional and mod-
ern food systems are clearly more advanced than
the modeling of social responses to that change.44,45

Without downplaying the importance of science and
modeling, social processes need equal attention in
informing new transformative paths. For instance,
Timmer11 documented the role of herd behavior
by rice farmers and market intermediaries in recent
food price crises, where exchanges between rural
and urban locations were enabled by social media
through electronic and mobile technologies. Delv-
ing further into the underlying mechanisms of such
social influences, Hammond and Ornstein46 exam-
ine overconsumption in modern societies to develop
an agent-based model of social influence on body
weight. This paper develops a better theoretical un-
derstanding of how one particular social influence
mechanism, such as body-type norms, can inde-
pendently support the development and persistence
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of obesity.47 The mathematical model demonstrates
that a simple desire on the part of an individual
actor to conform to the average weight of his/her
peers could in fact produce an increase in obe-
sity at the population level. The model shows that
the network structure (i.e., homophily and local
conformity) further shapes the dynamics of the
results. The model is tested against longitudinal data
from American youth.

Turning to the unique pathways through
which agriculture impacts nutrition in traditional
systems,48 Kadiyala et al.49 take India as an example
to comprehensively map existing evidence along
agriculture–nutrition pathways, and assess both
the quality and coverage of the existing literature.
The paper presents a conceptual framework delin-
eating six key pathways between agriculture and
nutrition. Three pathways pertain to the nutritional
impacts of farm production, farm incomes, and
food prices. The other three pertain to agriculture–
gender linkages. The literature suggests that Indian
agriculture has a range of important influences on
nutrition.50,51 Agriculture seems to influence diets
even when controlling for income, and relative
food prices could only partly explain observed
dietary changes in recent decades.52 The evidence
on agriculture–gender linkages to nutrition is rel-
atively weak, and sizeable knowledge gaps remain.
The root causes of these gaps include an interdis-
ciplinary disconnect between nutrition and eco-
nomics/agriculture, inadequate survey data, and
limited policy-driven experimentation.49 Closing
these gaps is essential to strengthening the agri-
culture sector’s contribution to reducing under-
nourishment and micronutrient deficiency in India
and other developing countries. Furthermore, work
by Webb and Block53 points to the need to
consider pathways and outcomes of agriculture
related to all three facets of malnutrition in order to
better account for the complex dynamics between
investments being made in agricultural and other
economic sectors over the course of industrial devel-
opment. This work, based on empirical data from 22
countries, shows that a focus on agriculture is more
effective in addressing stunting, a clinical indicator
of undernourishment. However, both agricultural
and industrial paths to economic development thus
far have resulted in overnutrition.

Classic accounts of the Industrial Revolution sug-
gest a process in which small farms and artisanal

entrepreneurs are displaced over time by large-scale
enterprises, owing to innovations in mechanized
production and the increasing capital intensity
of business, which in turn gives rise to urbaniza-
tion and rural migration, and devitalization.20–22

In fact, much of the present research and prac-
tice still takes for granted the archetypal linear pat-
tern of industrial development, where traditional
small-farm agriculture moves inexorably toward
integration within global food systems. Traditional
food systems are typically natural, local, small-scale,
and low-tech, with short farm-to-plate value chains.
Their modern counterparts are typically character-
ized as processed, national/global, large-scale, and
high-tech, with long farm-to-plate value chains. We
believe that this polarized notion reduces the pos-
sibility for better balance and increased reciprocity
and synergy between traditional and modern liveli-
hoods and lifestyles, between farm and nonfarm
activities, between social and commercial SMEs,
between these and national and global businesses,
as well as between organizational practices and
policies that shape environments. This traditional-
versus-modern food system dichotomy also leads
to failed anticipation of challenges at the individ-
ual and country levels, as modern Western foods
often contain high levels of sugar, fat, and salt. It
also neglects the possibility of modernizing tra-
ditional food, while keeping or making it nutri-
tious, affordable, appealing, and convenient, and
redistributing the points of value creation (preser-
vation or addition) closer to the farm.54 In fact,
some countries in Europe, such as France and Italy,
have not followed the model from small-farm agri-
cultural to industrial food systems, continuing to
maintain a small entrepreneur–oriented food retail
system even as they achieved high-income status. To
what extent agricultural subsidies keep this system
viable is an open question. It is therefore critical
to develop a richer and more rigorous knowledge
of the complex mechanisms underlying the forma-
tion and transformation of traditional and mod-
ern food markets and their convergent outcomes
from all of agriculture, nutrition, and economic
perspectives.55,56

As a first step in this direction and focusing on
modern markets in Canada, Struben et al.57 develop
a system dynamics model of nutritional food mar-
ket transformation, tracing over-time interactions
between the nutritional quality of supply, consumer
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food choice, population health, and governmental
policy. With body mass index as the primary out-
come, they examine policy portfolios for obesity
prevention, including (1) industry self-regulation
efforts; (2) health- and nutrition-sensitive govern-
mental policy; and (3) efforts to foster health- and
nutrition-sensitive innovation. This work provides
novel theoretical and practical insights on drivers
of nutritional market transformation, highlighting
the importance of integrative policy portfolios to
simultaneously shift food demand and supply for
successful and self-sustaining nutrition and health.
Extending this work to use deeper and more com-
prehensive linkages of nutritional food market
transformation with supply, demand, and policy in
agrifood and health will provide significant insights
for system design and policy. While the model is cal-
ibrated for industrialized countries (Canada), there
is a need for extension and adaptation to countries
at different stages of structural transformation. At
the high end of the transformation process, the de-
mand for higher quality, nutrition, and food safety
leads to innovations in food supply systems that re-
spond to the new demands. The rising demand for
organic agriculture and the local food movements
are examples of changing demands on food sys-
tems at high-income levels. Anticipating such com-
plex spatial and temporal dynamics and proactively
integrating these findings into sectoral and cross-
sectoral system design, strategy, and policy will not
only have greater impact, scale, and resilience, but
also will address single as well as double malnutri-
tion burdens in varying country settings.

In the roadmap paper under this theme, Ghosh
et al.58 report a business-led collaboration around
the development and testing of a high–nutrient
value complementary food supplement, called
KOKO PlusTM. With feeding practices starting from
birth being crucial to immediate and long-term
nutritional status, the project brings in two ele-
ments of innovation in the area of infant and young
child feeding, targeting the needs and preferences of
vulnerable rural populations in Ghana. A public–
private partnership spearheaded by a Japan-based
multinational food corporation (MNC) aims to de-
velop and test the efficacy of marketing and deliv-
ering KOKO Plus

TM
so as to further the common

goal of improving access and availability of Ghana-
ian households to good nutrition. A second aim of
the Japan-based corporation is to test the concepts

of social entrepreneurship and social business mod-
els in the distribution and delivery of its product
against traditional marketing models. This paper
shares information on the ongoing activities in the
testing of concepts of public–private partnerships,
social business, social marketing, and demand cre-
ation, using different delivery platforms to achieve
optimal nutrition in Ghanaian infants and young
children in the first 2 years of life.

Mainstreaming convergence as a driver
of business engagement and innovation

Achieving paths of convergence across agriculture,
health, and wealth will require the emergence of
novel forms of innovation, organization, and part-
nership that can foster changes throughout the
whole of society (WoS) at local, national, and global
levels. A fuller convergence of human and economic
outcomes needs to be placed front and center as an
end goal and core driver of innovation, practice,
strategy, and policy within and across the private
sector, civil society, and public organizations in the
farm, food, and health sectors.25,31,32,59,60 Reaching
such changes at scale calls not only for scaling up, but
also for extending private-sector engagement down
to the root of technological innovation and related
entrepreneurship and business strategies, since in-
novation has been the lifeblood of economic growth
and associated human development from the onset
of the Industrial Revolution. It also requires capi-
talizing on the many avenues taken by social inno-
vation to transform society in ways that improve
human development outcomes. These can be, for
example, at the level of organizations and value
chains, in social processes and entrepreneurship,
in financial investments at scale, and in policy and
other facets of institutional design.

The first paper under this theme, by London and
Esper,61 assesses poverty-alleviation outcomes of an
enterprise-led base of the pyramid (BoP) initiative
to improve the basic necessity of sanitation. Inad-
equate sanitation negatively affects the lives of bil-
lions of people in the developing world and has
a particularly significant impact on the well-being
of millions of young children.62 Given the mag-
nitude of the challenge and the limitations of ex-
isting approaches,63–65 enterprise-led initiatives to
provide public goods are generating a growing in-
terest. Specifically, enterprises targeting the BoP are
presented as potentially sustainable and scalable

5Ann. N.Y. Acad. Sci. 1331 (2014) 1–14 C© 2014 New York Academy of Sciences.



Convergence thinking Dubé

interventions that generate positive poverty-
alleviation effects.66 Yet an understanding of who is
affected, and how, remains limited. To begin to ad-
dress this gap, the paper applies a multidimensional
framework to an urban-based, sanitation-oriented
BoP enterprise, focusing its poverty-alleviation ef-
fects on young children. The analysis indicates that
the enterprise’s effects include changes in capability,
economic, and relationship well-being,67 and that
these changes can be positive or negative. Further-
more, the impact varies depending on the role of
the stakeholder in the business model and the age
of the child. These results contribute to a better
understanding of how to assess the effectiveness of
a sanitation intervention and how to evaluate the
poverty-alleviation implications of an enterprise-
led approach. These results also provide further in-
sights into how collaborative interdependence68 be-
tween business and development actors can enhance
the connection between profits and the alleviation
of poverty.

The second paper, by Reardon et al.,69 goes one
step further in convergence outcomes to report
about the mainstream agricultural and economic
activities. This article talks about a “quiet revo-
lution” in Asia’s rice value chains, specifically in
countries such as India, China, and Bangladesh. In
these countries, rapid transformation is occurring
with the upstream changing quickly and shifting
from subsistence to small commercialized farmers.
For instance, farmers are undertaking capital-led
intensification70 and participating in burgeoning
markets for land rental, fertilizer and pesticides,
water irrigation, and seed. Midstream, in whole-
sale and milling, there is a quiet revolution under-
way with thousands of entrepreneurs investing in
equipment, increasing scale, and diversifying into
higher quality, with segments undergoing consoli-
dation and vertical coordination and integration.71

Mills, especially in China, are packaging, branding,
and building agent networks in wholesale markets
with large mills building direct relations with super-
markets. The downstream retail segment is under-
going a “supermarket revolution,” again with China
leading the change.72 In most cases the government
is not playing a direct role in the market, but is
instead enabling this transformation through infras-
tructural investment. The transformation appears
to be improving food security for cities by reducing
margins, offering lower consumer rice prices, and

increasing quality and diversity of rice. The paper
discusses findings derived from unique stacked sur-
veys of all value chain segments in seven zones, more
and less developed. This pattern of development is
very different from the “supermarket revolution”
documented earlier by the same research team over
the preceding two or three decades,72 where Asia’s
supermarket revolution exhibited unique one-way
pathways of Western retail diffusion, with accom-
panying procurement system change and valuable,
although limited, effort to connect small farm-
ers. Instead, the reported emerging quiet revolu-
tion, alongside the development of more robust
rural–urban food value chains and systems, gives
rise to rural small- and medium-scale enterprises
in trucking, wholesale, warehousing, cold storage,
first- and second-stage processing, alongside social
enterprises, BoP ventures, and corporate shared
value creation programs that support villages, com-
munities, and emerging small and mid-size towns
in driving local and regional activities. This more
dynamic view of farm and nonfarm activities and
rural–urban development reflects possibilities for
novel forms of decentralized urbanization, address-
ing key humanitarian problems while spreading
wealth to surrounding rural areas that find smaller
cities and towns to be more accessible markets
than large cities. This produces more spin-off ef-
fects to surrounding rural areas for rural non-
farm employment generation, growing markets for
local traditional food, and the possibility of in-
dustrialized value-addition that remains closer to
the farm.

The third paper by Dubé et al.25 introduces con-
vergent innovation (CI) as a form of conceptual
meta-innovation—an innovation in the way peo-
ple innovate. CI goes further in the way society has
innovated in the past,73 viewing individual, com-
munity, market, and state organizations as part of
the same complex dynamic adaptive system, pur-
posively targeting human and economic develop-
ment in single and collective decision making, in-
vestment, and public policy. Convergent innovation
requires assembling bundles of technological inno-
vations that combine farming and food distribu-
tion and transportation into appropriate solutions
that provide value to specific clientele. It also re-
quires organizational, social, financial, and institu-
tional innovations to transform the ecosystem, im-
proving accessibility, affordability, and price, toward
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positive human and economic outcomes, specifi-
cally for the most underserved populations. As a
solution-oriented paradigm, CI goes beyond the
current strategies addressing complex nutrition-
related societal challenges, defining new paths of
convergence for agriculture, health, and wealth pro-
duction and distribution that better balance tra-
dition with modernity, farm with nonfarm activi-
ties, and rural and urban development. Aiming for
behavioral and ecosystem transformations at scale,
CI encourages sustainable prosperity and affordable
universal health care within a WoS paradigm.21,74

CI takes a modular approach that convenes a com-
plementary portfolio of partners from the busi-
ness community, civil society, and public sector, all
loosely coupled around roadmaps. Roadmaps serve
as collaborative platforms for focused, achievable,
and time-bound projects to provide scalable, sus-
tainable, and resilient solutions to complex chal-
lenges, with benefits both to participating partners
and to society. The paper provides a brief review of
the literature on technological innovation that sets
the foundations of CI and motivates its feasibility.
The paper then describes CI, its building blocks, and
enabling conditions for its deployment and scaling
up, illustrating its operational forms through exam-
ples of existing CI-sensitive innovation.

The roadmap paper under this theme, by Jha
et al.,75 reports on early-stage design, develop-
ment, and implementation of a collaborative CI
roadmap promoting pulse production and con-
sumption, with the potential to contribute to all
three facets of malnutrition while also being one
of the most environment-friendly agricultural com-
modities. Partners in the pulse roadmap at the global
level have spearheaded the long policy process of get-
ting 2016 to be declared by the United Nations (UN)
as the International Year of Pulses (IYOP), with a
core component of the roadmap being the forma-
tion of a global pulse innovation platform (PIP) to
be the food innovation platform. PIP is a platform
where global organizations (businesses from along
the pulse value chain as well as research and develop-
ment organizations) work with their global counter-
parts in the food sector (MNCs) and at the country
level. With MNCs, PIP aims to enrich their present
efforts in food product technologies by other facets
of CI that build supply, demand, and institutional
capacity for superior commercial and societal re-
turn on investment. At the country level, PIP works

with and for micro, small, medium, and national
businesses, and other actors to scale up pulse con-
sumption and foster CI through behavioral change
and ecosystem transformation, in order to create
both human and economic development outcomes
for partners and for society.

Convergence in policy and governance

Scaling up business engagement as a catalyst for
new paths of convergence for agriculture, health,
and wealth requires that changes be made to the in-
stitutional framework that has been in place since
the onset of the Industrial Revolution, which posits
a clear divide between private and public goods
and between market and state responsibility.21 Ex-
isting institutional restrictions, which scale down
actions on the ground, have many components.
These include limited resources and funding, con-
flicting functional, philosophical, and/or political
beliefs and goals, concerns of confidentiality, is-
sues of territoriality and lack of trust, as well as
differences in decision-making styles and perfor-
mance metrics.76 Current policy approaches do not
completely account for the progressive misalign-
ment between biological, human, and social dy-
namics as development unfolds.53,77,78 A disconnect
exists between policy making in economic sectors
on the one hand, (i.e., agriculture, trade, industry,
finances) and human development sectors on the
other (i.e., education, health, family, and other so-
cial domains). The result of this disconnect is that
consideration of immediate and intertemporal ad-
verse nutrition, health, or social effects are only now
beginning to be factored into policy making and in-
vestment decisions. The disconnect between health
systems and agriculture and wealth production and
consumption systems is also manifested in the ob-
servation that early health systems capacity build-
ing and policy remain focused on infectious diseases
and other health problems tied to extreme poverty,
remaining relatively blind to, or unable to anticipate,
prevent, and manage, the rising burden of obesity
and NCDs. These diseases arise from present de-
velopment patterns emerging from other sectoral
policies and investments, and are doing so at even
lower GDP thresholds. Present policy approaches in
neither health nor industrial and economic sectors
consider the central role that agriculture may play
over the full development spectrum. Considering a
sustained and central role for agriculture can ensure
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a smoother transition into industrial value chains
and urban societies, and more balance between
traditional low-income agrarian structures and
emerging farm and nonfarm activities in rural and
urban communities and economies.

The first paper under this theme, by Arora et al.,79

examines the agricultural, industrial, and trade poli-
cies that relate to sugar, salt, and fat production and
consumption in India. As mentioned previously,
India is still struggling against undernourishment
and micronutrient deficiency while concurrently
gaining recognition as the diabetes capital of the
world. In this country diabetes spreads as much in
rural areas and urban slums as it does in higher
socioeconomic strata of society.80 The paper, writ-
ten by lead medical experts in the field, recognizes
the limited governance of health policy on the social,
developmental, and economic determinants of these
diet-related health problems when drivers and
incentive structures are outside of formal health
policy purview and where health and economic
outcomes are still being perceived as conflicting
objectives by many. Arora et al.79 call for cross-
sectoral policy making where synergies and trade-
offs among these objectives are fully acknowledged
and take a more central place in policy dialog and
investment decisions. They also call for transfor-
mation throughout society to make the production
and consumption of healthy food and diet as simple,
convenient, and appealing as possible.

The second paper81 explores such institutional
design in the context of standards and label systems
targeted to consumer and actors along farm-to-plate
value chains, with the objective of improving the
nutritional quality of choices made at all levels.
These can be developed and managed under private,
governmental, or civil society leadership.81 Research
in both traditional82 and modern83 food systems has
shown that standards and labels can be a crucial fac-
tor in local knowledge building for upgrading small
producers and improving their market competi-
tiveness and livelihoods. Such informational sup-
port also aims to empower consumers to make
healthier food choices to help fight the epidemic of
obesity and associated diseases. Helfer and Shultz81

report a series of experiments on how four different
nutritional labeling schemes, varying in informa-
tion richness and usability, can affect the speed and
nutritional value of food choices. The psychology
experiment shows that quantitative, single-attribute

labeling schemes have greater usability than mul-
tiattribute and binary ones, and that they remain
effective under moderate time pressure. Applying
decision field theory, a leading computational model
of human decision making,84 the authors simulate
these psychological results and provide explanatory
insights, which can importantly enrich the scientific
basis that informs the design and improvement of
such standards and labels. Still too often, labeling
scheme decisions are made on the basis of con-
sensus among nutrition and public health experts
to expense of theoretical frameworks, models, and
data of other types that can improve their sustain-
able use and integration into everyday activities by
all involved.

The third paper, by Kirton et al.,85 turns to po-
litical science methods, an approach that is neces-
sary to examine how policy makers and political
leaders can embrace the complexity of the soci-
etal transformation.86 This research tradition also
enables the examination of how grassroots and
market-driven bottom up initiatives can be further
scaled up and brought into policy and investment
decisions made by national governments and global
agencies and summits, such as the Group of Eight
(G8), G20, BRICS (Brazil, Russia, India, China, and
South Africa), UN, and Food and Agriculture Or-
ganization (FAO) summits. This paper examines
how and why informal, multilateral summit insti-
tutions, such as the G8 major market democracies
succeed in advancing costly public health priori-
ties even when the formal, multilateral UN system
fails to meet such goals. This paper finds that the
Muskoka Summit succeeded in mobilizing major
money and momentum for maternal, newborn, and
child health (MNCH). This success was due to the
initiative and influence of children-focused non-
governmental organizations (NGOs) working with
committed individuals and agencies within the host
Canadian government, as well as supportive public
opinion and the help of those in the UN responsi-
ble for realizing its Millennium Development Goals.
Also relevant were the democratic like-mindedness
of G8 leaders and their African partners, the def-
erence of G8 members to the host’s priority, with
Premier Stephen Harper endorsing this initiative
as one of the flagship programs to define his po-
litical leadership, as well as the need of the G8
to demonstrate its relevance through a division of
labor between it and the new G20 summit. This
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study shows that G8 summits can succeed in ad-
vancing key global health issues without a global
shock on the same subject. The need to improve the
accompanying accountability mechanisms to im-
prove implementation thus remains.

The last paper in this theme by Dubé et al.74

offers the WoS paradigm of human and economic
development21 as a broad institutional framework
to move beyond the well-entrenched market-state
bipolarity underlying Western-centric development
and past and present efforts at cross-sectoral pol-
icy coherence. The paper takes as an anchor the
well-established model of polycentric governance87

that views individuals, as well as state, market,
and community-forming society as part of the
same complex adaptive system, self-organized into
nested hierarchies operating at multiple scales and
able to move toward 21st century convergence of
human and economic development. Decades of
work in environmental sustainability of socioeco-
logical systems by Ostrom87–89 and other leaders
in the field90,91 have demonstrated the added value
of formally linking local communities to market
and states as core structuring institutions in soci-
ety. Locals have accurate understandings of how the
systems to be affected operate and of appropriate
behavioral norms. Local communities are also the
point of convergence for various programs targeting
individuals and families, increasing the probabil-
ity of having trustworthy stakeholders involved. In
addition, community-level knowledge enables more
specific tailoring to local needs and allows for a
diversity of context-specific applications, thus
facilitating experimentation and adaptive learning.
Finally, local communities often play a front and
center role in helping the poorest segments of
the population access basic necessities and em-
ployment, acting as key intermediaries for higher-
level state and market actors. In both research and
action in socioecological systems, the local com-
munity is taken as a central entry point, where
emerging processes and outcomes are being linked
down to household and individual levels and up to
higher-order actors in the ecosystem.92,93 This broad
governance framework bears particular promise in
bridging modern and traditional food systems and
societies in a novel way, exploring more synergy and
reciprocity.

The roadmap paper by Addy et al.94 provides fur-
ther operational insights on how a WoS paradigm

of human and economic development can be de-
ployed. The paper draws upon empirical evidence
of policy design processes in Quebec, where this
framework serves as the lens through which the
authors observe the multiplicity of state and non-
state actors involved over time in a comprehen-
sive effort to promote healthy lifestyles to fight
obesity and associated NCDs. These actors, in a
somewhat experimental and organic manner, de-
velop rules and other institutional arrangements
to solve public health problems, on the basis of
their expertise and perspectives from the diverse
sectors and levels that they inhabit. The concepts
of polycentricity that have been developed outside
of public health are discussed, noting that it rep-
resents a paradigm shift in the social sciences, as,
rather than promoting research that is generaliz-
able, there is an acknowledgment that governance
structures are context-specific and that micro-
situational analysis of the processes by which the
governance structures emerge is key. A process anal-
ysis is provided on the emergence of the social,
economic, and political context of Quebec’s pub-
lic health system, noting the interactions between
global, national, and local-level actors and struc-
tures in the emergence of multisectoral and whole-
of-governance approaches. The paper, in conclu-
sion, discusses how to address challenges faced in
the Quebec case, as well as a research agenda for the
WoS approach moving forward.

Convergence in metrics and methods

Convergence efforts deployed throughout the whole
of society to alleviate the burden of ill health and
malnutrition are hampered by the current state of
sectoral data and decision support in population
health, human development, media, agriculture,
industrial, and other economic sectors. These data
are generally fragmented, out of date, unrepresen-
tative, and typically unavailable at the local level.
Bridges must be built between knowledge systems
and models in health, and those used in policy
making by agricultural, social, and economic actors
at local, national, and global levels. Public health,
agriculture, business, and economic researchers and
practitioners have proposed and implemented var-
ious sectoral surveillance systems and models to
monitor processes and outcomes, each in their
respective spheres. None of them, though, fully link
the available data from one sector to other relevant
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data from other sectors that support decision and
policy making across various actors in society who
determine the level of direct and indirect risk factors
of diseases. Also required is complementary research
and technological development in fostering conver-
gence into analytical, statistical, and computational
modeling as well as in research methods. Simul-
taneously, materials assembled may be particularly
timely on the eve of the post-2015 Development
Agenda, which calls more than ever to reach beyond
efforts thus far predominantly deployed by govern-
ments, development agencies, and donors, to scale
up what individuals, communities, and businesses
can contribute. Data, models, and decision-support
tools that bridge human and economic development
outcomes and processes within and across scales
and sectors may carry especially high promises since
information is key to transformation in such com-
plex systems, be they traditional, modern, or a com-
bination of both.18

The first paper, by Cafiero et al.,95 reviews some
of the existing food security indicators used in
development work.96–98 It discusses the validity of
the underlying concept and the expected reliability
of measures under reasonably feasible conditions.
The main objective of the paper is to raise aware-
ness about the trade-offs between different quali-
ties of possibility measurement tools that must be
taken into account when such tools are proposed for
practical application, especially for use within an in-
ternational monitoring framework.99 The hope is to
provide a useful contribution to the process, leading
to the definition of a more nuanced food security
goal and the associated monitoring framework.

The second paper, by Pingali and Ricketts,100

goes one step further in moving toward a multi-
disciplinary convergence of data systems. The work,
remaining focused on the development context, is
motivated by a particular emphasis on agricultural
pathways toward improved nutrition since the 2008
food price crisis placed food and nutrition security
back on the global development agenda.101–103 Par-
allel efforts are being promoted to improve the data
and metrics for monitoring progress toward posi-
tive nutritional outcomes, especially for women and
children.104 The data investments, while rising, are
still made in silos with very little interaction and
communication among them. This paper proposes
a minimum set of nutrition indicators to be included
in nationally representative agricultural (and mul-

titopic) household surveys. Building multisectoral
convergence across existing surveys will allow for
better identification of priority interventions and
improved monitoring of progress toward superior
nutrition targets.

The third paper, by Masters et al.,105 offers a
typology and associated metrics for integrated
interventions and research targeting agriculture,
nutrition, and health in global development. The
authors argue that, despite rhetoric claiming that
enhanced agriculture leads to improved nutrition
and health, there is scant empirical evidence about
potential synergies across sectors or about the mix
of actions that best supports all three sectors. The
geographic scale and socioeconomic nature of these
interventions require integration of previously sep-
arate research methods.106 This paper proposes a
typology of interventions and a metric of integra-
tion among them to help researchers build on each
other’s results, facilitating integration in methods
to inform the design of multisector interventions.
The typology recognizes the importance of regional
effect modifiers that are not themselves subject to
randomized assignment, and trade-offs in how poli-
cies and programs are implemented, evaluated, and
scaled. Using this typology could facilitate method-
ological pluralism, helping researchers in one field
use knowledge generated elsewhere, each using the
most appropriate method for their situation.

The fourth paper, by Buckridge et al.,107 pushes
the boundaries of metrics and analytics research
design further, to support integration among sec-
tors and geographic scales, and target population
segments of varying socioeconomic backgrounds,
taking this time as a laboratory the rich-country
context (more specifically, Canada). The authors
introduce a method for neighborhood-level surveil-
lance of food purchasing, motivated by the increas-
ing share worldwide of caloric intake represented by
sugar-rich, nutrient-poor food, such as carbonated
soft drinks (CSDs).108 Interventions to decrease the
intake of added sugar have been proposed,109 but
monitoring their effectiveness can be difficult be-
cause of the costs and limitations of dietary sur-
veys. The authors develop, assess the accuracy of,
and take an initial step toward validating an indica-
tor of neighborhood-level purchases of CSDs, using
automatically captured store scanner data in Mon-
treal, Canada, between 2008 and 2010, and cen-
sus data describing neighborhood socioeconomic
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Dubé Convergence thinking

characteristics. The indicator predicted total month-
ly neighborhood sales on the basis of histori-
cal sales and promotions, and store and neigh-
borhood characteristics. The prediction error for
monthly sales in sampled stores was low (2.2%),
and a negative association is shown between pre-
dicted total sales and median personal income.
For each $10,000 decrease in median personal in-
come, a fivefold increase in predicted monthly sales
of CSDs is observed. This indicator can be used
by public health agencies to implement automated
systems for neighborhood-level monitoring of an
important upstream determinant of health. Fu-
ture refinement of this indicator is possible to ac-
count for factors such as store catchment areas
and to incorporate nutritional information about
products.

The roadmap paper by Dubé et al.110 proposes
to capitalize on 21st-century Big Data and ad-
vanced analytics, such as those used by Buckridge
et al.107 above to set the foundations for an integra-
tive knowledge platform that bridges sectoral prac-
tices and disciplinary theories, as well as metrics
and models to better inform and monitor behav-
ioral change and ecosystem transformation. Build-
ing upon the science and practice of the four Ps
of industrial marketing (product, price, place, and
promotion), the authors examine digital commer-
cial marketing data through the lenses of the four
As of food security (availability, accessibility, afford-
ability, and appeal), applicable to both traditional
and modern systems. Applying advanced consumer
choice analytics to archetype traditional (i.e., fresh
fruits and vegetables) and modern (i.e., soft drinks)
product categories, it is demonstrated that business
practices typically associated with the latter also have
important effects on the former. While the overall
consumer responses tend to be more intense for
modern products, certain practices, such as prod-
uct assortment and point-of-sale promotion, have
more impact for fresh products than for soft drinks.
Discussion bears on the potential of Big Data as
a convergence enabler by facilitating greater reci-
procity between traditional and modern food sys-
tems, both within and across developing and in-
dustrialized countries, enabling the production and
consumption of accessible, affordable, and appeal-
ing nutritious food for all, and scaling up conver-
gence in their single and combined human and eco-
nomic development outcomes.

Conclusions

On the eve of the Millennium Development Goals
for the target year 2015, the series of papers assem-
bled in this issue articulate concrete paths of conver-
gence for agriculture, health, and wealth, and may
pave the way to redefine and better distribute points
of value creation from farm to plate, as well as the
type of novel public–private partnerships that have
had timid results thus far. Instead, insights provided
have the potential to enable all actors throughout
society to singly and collectively work to build sup-
ply and demand for nutritious food, in both tradi-
tional and modern food systems, while placing the
burdens of malnutrition and ill health on their core
strategic agendas.
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80. Anchala, R. et al. 2014. Hypertension in India: a sys-
tematic review and meta-analysis of prevalence, aware-
ness and control of hypertension. J. Hypertens. 32: 1170–
1177.

81. Helfer, P. & T.R. Shultz. 2014. The effects of nutrition label-
ing on consumer food choice: a psychological experiment
and computational model. Ann. N.Y. Acad. Sci. 1331: 174–
185.

82. Perez-Aleman, P. 2012. Global standards and local knowl-
edge building: upgrading small producers in develop-
ing countries. Proc. Natl. Acad. Sci. USA 109: 12344–
12349.

83. Lee, J., G. Gereffi & J. Beauvais. 2012. Global value chains
and agrifood standards: challenges and possibilities for
smallholders in developing countries. Proc. Natl. Acad. Sci.
USA 109: 12326–12331.

84. Busemeyer, J. & J. Townsend. 1993. Decision field the-
ory: a dynamic-cognitive approach to decision making
in an uncertain environment. Psychol. Rev. 100: 432–
459.

85. Kirton, J., J. Kulik & C. Bracht. 2014. The political pro-
cess in global health and nutrition governance: the G8’s
2010 Muskoka Initiative on Maternal, Child, and Newborn
Health. Ann. N. Y. Acad. Sci. 1331: 186–200.

86. Gillespie, S. et al. 2013. The politics of reducing malnu-
trition: building commitment and accelerating progress.
Lancet 382: 552–569.

87. Ostrom, E. 2010. Beyond markets and states: polycentric
governance of complex economic systems. Am. Econ. Rev.
100: 641–672.

88. Ostrom, E. 2005. Understanding Institutional Diversity.
Princeton, NJ: Princeton University Press.

89. Ostrom, E. 1990. Governing the Commons: The Evolution
of Institutions for Collective Action. Cambridge, UK: Cam-
bridge University Press.

90. Heckathorn, D.D. 1996. The dynamics and dilemmas of
collective action. Am. Sociol. Rev. 61: 250–277.

91. Oliver, P.E. 1993. Formal models of collective action. Ann.
Rev. Sociol. 19: 271–300.

92. Futtema, C. et al. 2002. The emergence and outcomes of
collective action: an institutional and ecosystem approach.
Ambiente Sociedade 15: 107–127.

93. Rout, S. 2010. Collective action for sustainable forestry: in-
stitutional dynamics in community management of forest
in Orissa. Social Change 40: 479–502.

94. Addy, N.A. et al. 2014. Whole-of-society approach for pub-
lic health policymaking: a case study of polycentric gover-
nance from Quebec, Canada. Ann. N. Y. Acad. Sci. 1331:
216–229.

95. Cafiero, C., H.R. Melgar-Quiñonez, T.J. Ballard & A.W.
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