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INTRODUCTION
“If we’re actually going to achieve zero hunger
by 2030, what are the top ten agricultural
interventions we should invest our money in?”

Photo by Trevor Butterworth

What a question.

Food systems are complex, and as problems change and evolve, so
will our understanding of their root causes and effective solutions.
As donors mobilize to meet the targets set by UN Sustainable
Development Goal 2 (SDG2): Zero Hunger by 2030, one of the most
pervasive challenges they will face involves information: they need to
know how much it will cost to fix these problems, what interventions
have been researched, which are most effective in addressing them,
and how those interventions will affect the rest of the economy. They
must also be aware of potential synergies or trade-offs, where acting
to achieve one objective can have strong impacts on achieving others,
hampering attempts to establish a systematic approach to attaining
the multiple objectives of SDG 2.
More often than not, these donors rely on consultants — the MBA
accredited McKinseys of the world, who in turn question business
owners or high-profile, heavily cited scientists published in
Western journals.
The Ceres2030 Project took a different approach. We wanted to
consult those who know best: implementing organizations like
NGOs and the agriculture and social scientists themselves, and the
young, diverse scientists and outreach specialists working directly
with small-scale producers.

We sought to gather the best evidence, paired with the best cost
modeling, in order to inform the best way to spend money in support
of SDG2. Along the way, we also began to define best practices for
evidence in agriculture and new approaches to building the evidence
using data science and AI to support future research in this area.
We also wanted to address systemic issues across publishing,
development and academic systems. Could we decrease the divide
between science - policy publications? Address the gender gaps
for female research leadership, especially in publishing? Create
meaningful ncentives for younger researchers to engage with policy?
Finding ways to use artificial intelligence to accelerating not only the
pace of research synthesis, but only what we could learn if we look
at research in the aggregate? Could one project make an impact not
only on what we know, but on the way we do things: our processes
and our partnerships?
The following brief outlines our evidence synthesis and artificial
intelligence process and other steps we took to complete the project
and deliver our recommendations and future research questions.
These were published as a summary report from the Ceres2030 team
as well as a collection of articles in the prestigious Nature publication.
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ASKING
THE RIGHT
QUESTIONS
Where to start?
First, we reviewed what we knew. The UN Food and Agriculture
Organization (FAO) estimates that about 815 million people
worldwide — one in ten — suffer from chronic undernourishment,
and the increasing demands of farming is putting acute stress on
environments that are often already fragile. Climate change is
exacerbating the problem, causing droughts, fires and floods that
devastate crop cycles and push people to migrate as refugees. In fact,
The UN estimates that climate change is the single biggest driver
of increasing world hunger: extreme climate-related disasters have
doubled since the early 1990s as the climate has warmed. And a
recent World Health Organization report finds that the economic
and food system disruptions caused by COVID-19 could push an
additional 130 million people into chronic hunger.

In particular, our donor stakeholders were aiming to address two of
the critical and interlinked goals of SDG2: double smallholder food
producers’ incomes (2.3) while also protecting the environment (2.4).
We asked a group of expert stakeholders as part of an evidence
advisory group to assess thirty intervention areas based on their
relevance to donors, researchers and farmers: they found that 28 of
the 30 interventions were extremely relevant.
We also requested their feedback on cross-cutting themes, such
as gender, nutrition, and climate change, to gauge how we might
introduce them in the research. (See all Intervention Survey Results
in the Annex.)
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We need to ensure the food supply is
both abundant and sustainable for the
existing and future global population.
We want people and the planet to not
merely survive, but thrive.

We attended global forums, such as the T20 in Buenos Aires and
the 2018 meeting of the Committee on Food Security (CFS) in
Rome to discuss Ceres2030 and to receive further feedback about
intervention topics.
Informed by this input, we worked closely with a high-level team
of advisors to come up with eight research areas to explore:
1. climate-resilient plants;
2. water-scarce solutions;
3. farmers’ organizations;
4. policies for sustainable practices;

FOOD ON
THE MOVE




  


5. livestock feed solutions;
6. Informal market systems;
7. reducing farm and harvest based food loss; and
8. employment for the future
According to a 2017 survey of 3500 policy-makers in 26
countries, decision-makers are most interested in information
that provides them with context-specific summaries that focus
on recommendations and solutions, not necessarily the newest or
most innovative research (Masaki, 2017). We engaged the advisory
and donor communities to find out more about what type of
information would be most useful to them, which we would later
try to balance with what was available from primary research.
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GLOBAL
EXPERTS IN
AGRICULTURE

Boaz Blackie
Keizire
AGRA

Catherine Bertini
The evidence advisory group also raised questions about the
nature and use of evidence in agriculture—especially during
such a pivotal time for the field, where the shift towards food
systems at the global scale recognizes how agriculture is
changing from a production-oriented system to one that spans
multiple sectors. There was broad agreement among this group
that there is no singular outcome or body of scholarship that
oversees agriculture and no one single intervention could be
a ‘silver bullet.’ Solutions would be found by looking at a suite
of interventions from multi-disciplinary perspectives. The
advisory group members were generous with their time and
expertise, and we are grateful for their contributions.

GAIN Alliance and
University of Chicago
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Harper Adams
University
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Research Council

Paul Winters

University of Notre
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Prabhu Pingali
Cornell University

Wageningen University
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Independent Scholar,
and President Elect,
International Association
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W. Ronnie
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Cornell University

Will Martin

International Food
Policy Research
Institute
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IDENTIFYING
INTERVENTION
TOPICS

One of the aims of this project was to evaluate basic research
findings that had already been produced, but bringing all of that
research together—even for initial review—required building
new tools and approaches.
We faced a major roadblock in seeing the big picture of research
in that it is spread across various research repositories. We
needed new ways to see and make sense of research from many
different sources.
Advances in machine-learning are making it simpler to combine
datasets and create visualizations of their contents. For instance,
topic modeling is an inexpensive and accurate approach to
demonstrate an aggregation of research and its changing patterns
over time, offering some empirical weight to assess and evaluate
where gaps and fullness occur in the dataset.

Step One:
Topic models were a useful starting place to gauge
existing topics of research based on the quantity of
information produced about those areas. We produced
very preliminary research topic maps (shown below)
to create an initial scan of the research, providing us
with a birds-eye look at the research. This is similar in
some ways to how preliminary literature reviews are
traditionally conducted at the start of a project, only
with this approach we can be more inclusive and look
at a lot more data.
The sources used for the initial topic models was
approximately 50,000 titles and abstract data from
traditional academic databases and agency reports
such as:

•
•
•
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Cab Abstracts, Web of Science, Scopus
Agency and research repositories World Bank
Library, Food and Agricultural Organization of
the United Nations (FAO), and CGIAR Gardian.
Specific targeting of research publications
featuring work from the Global South that
were included in this initial overview, such as
African Journal of Agricultural Research, African
Journal of Food, Agriculture, Nutrition and
Development, African Crop Science Journal, and
Indian Journal of Agronomy.

THE KEYWORD PROBLEM—HOW TO GET THE RESEARCH TO TELL US WHAT IT’S REALLY ABOUT
This is a research density map of climate adaptation research in agriculture. Along the Y-axis are topic-strings, and these can be thought
of as keywords. These are specific research areas. They are the descriptive data about the articles derived by analyzing the dataset using
a machine-learning model, independent of a controlled taxonomy or metadata. This frees researchers from the time- consuming task of
manually coding the dataset with descriptive terms. Along the X-axis is a timeline of 2008-2018 and, within each cell, number of articles
published per year. The coloring from light yellow to dark blue is volume of research per topic

Later in the project, we would significantly expand the scope and reach of this type of AI approach.
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Step Two:
We assessed topics in light of already existing systematic
reviews in agriculture. We produced a landscape review to
discover, collect, and assess systematic reviews and metaanalyses that had already been produced and were relevant to
SDG 2.3 and 2.4.

COMPARING AGRICULTURAL RESEARCH VOLUMES
TO EXISTING SYSTEMATIC REVIEWS (2008-2018)





Overall, these searches resulted in 212 meta-analysis and
systematic reviews published 2010-2018. An online resource
for this work is available at https://bit.ly/3nmJAnL

•
•

•

We explored systematic review resources such as 3ie,
EPPI-Centre, Center for Environmental Evidence,
Centre for Evidence-Based Agriculture, Campbell
Collaborative, and the Cochrane Collaborative.
Global research producers such as FAO, World Bank,
DFID, USAID, ATAI/JPAL, CGIAR, and IFAD were
examined; as well as major databases Web of Science,
CAB Abstracts, and Scopus. These organizations were
specifically targeted to reduce potential “misses” that
can occur through keyword searches and knowledge
published outside of peer-review literature.
We tagged each resource with one or more SDG
indicators and topic keywords based on a review of
the abstract. The geographic focus (country level was
preferred) was determined from the abstracts and titles,
and in some cases, a review of the full text.

 
 
 

 

   
 


 

   
   
   
    
  
     
      
   
  
  

 
  
 
 
 
   

Step Three:

  
  

The final step was to compare research areas discovered
through the topic model process with existing systematic
reviews. (See Figure 3.) This baseline was useful for
discussions with the evidence advisory group and a jumpingoff point for the team to develop survey questions.
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A simplified
topic model
was derived
from a sample
dataset of
50,000 articles
and is described
in Step One. The
systematic
review dataset is
described in
Step Two.

 

 









 

  

 

 



 







 



 

 

 

















  

 

 

We present Steps 1-3 as a linear approach for the sake of this summary, but in reality there was significant
discussion and input taking place in the project and among stakeholders about relevant intervention topics.
Among the key concerns was designing a process that would reflect how multiple interventions contribute
to a successful outcome because we already know effective solutions for farmers rarely stem from a singlesolution intervention. This factored into the decision-making about the topics. In addition, we needed to
identify areas of research where enough information was available for a review but where consensus had
not yet been reached, and where additional ODA could make a difference.
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EVALUATING
EXISTING
RESEARCH
We live in a time of an unprecedented amount
of information.
Every seven seconds, the treasure chest of science gets a new research
paper (Science, 2013). In agriculture, the volume of research has
doubled in the past 10 years—from two to four million articles.
In addition to thousands of academic journals, there are hundreds
of organizations doing important research published outside of
academic journals. Combing through their websites and archives to
add their studies to the mix is massively time consuming, especially
if we want to leave no relevant study unturned.

Before we even begin to look at what the research says, it
may take a year just to figure out where it all is. And how
do we search for meaning among hundreds of thousands of
studies without cherry-picking a few of our favorites?
There is no current system—not even Google—that can connect all
this information in a way that gets us quickly and precisely to what
we need to examine, and with the confidence that we have been
comprehensive in our search.
We have to find ways of synthesizing all this information into
evidence—and to be able to say whether the evidence we’ve found
is weak or strong and why, and whether more research is needed to
answer our questions, or that we have enough to act now. Ideally,
these methods should include a transparent and comprehensive
search, as well as up-front methods on how the search results will be
evaluated, in order to prevent confirmation bias—assimilating based
on our current knowledge bases, opinions and expertise.
Summary reviews act as a benchmark for policy makers to gauge
quality and comprehensiveness of evidence from a field as they
try to formulate evidence-based policy. The approach, known as
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evidence-based decision-making (EIDM), is common-sense—
the more research we produce, the more summaries we need that
collect the underlying studies. It provides a model under which
intervention examinations can be made with greater focus, reliability
and transparency.
Systematic reviews are the best-known form of evidence synthesis.
They use robust methods to gather, summarize, present, interpret
and report research evidence. They are designed for transparent and
reproducible retrieval and synthesis of all available published and
unpublished data pertaining to a well-formulated research question.
Medicine has, perhaps, made the most progress in this area. These
use a carefully worked-out methodical framework to assess the
best possible evidence for medical interventions, such as whether a
treatment or drug works.
But agriculture presents a different set of constraints. Growing from
seed to crop takes a lot of time and care. A lot can go wrong during
this process, and it is not always easy to assess why and what the
right solution might be. While medicine has the advantage of relying
on lots of randomized control trials, which are seen by some as the
gold standard for reliable evidence in scientific research, these are
not so easy to do in agriculture, introducing a potential challenge
to quantify the results. Outside of the methodology, an additional
challenge is that recommendations may be difficult to implement on
the ground.
Producing an evidence synthesis is also time consuming and labor
intensive. A single evidence synthesis takes a research team anywhere
from 18 months to three years and involves an initial analysis of
thousands of search results to determine which are capable of
supporting evaluation of the original research question (Porciello et
al, 2020). This frustrates policy’s demand-driven cycle, where answers
are needed now in order to make decisions about resource allocation.
As we describe later on, we again turned to AI for a little help.

PROTOCOL
DEVELOPMENT

RESEARCH
QUESTION
DEVELOPMENT

CONDUCT A
RISK OF BIAS
AND QUALITY
ASSESSMENT

DEVELOP AND
TEST SEARCH
STRATEGIES

LOCATE
PREVIOUS
SYSTEMATIC
REVIEWS

IDENTIFY
EVIDENCE-BASES

What is evidence synthesis?
The term evidence synthesis is an umbrella concept that captures
review typologies—such as metaanalysis, scoping reviews and
systematic reviews. The goal of most evidence synthesis is to assess
the best available evidence for a specific research question. Littell
(2018) article on typologies offers clear guidance and distillation
on review types.
Systematic reviews are the best-known type of evidence synthesis.
Key characteristics include:

WRITE AND
INCLUSION
AND EXCLUSION
STRATEGY

•
•
•
•
•
•
•
•
•

CONDUCT
SEARCHES
AND
SCREEN
MATERIALS

DATA
EXTRACTION
AND
SYNTHESIS

Clearly stated objectives
Author team with diverse expertise
Well-formulated intervention question
Pre-defined eligibility criteria
Publication of a pre-study protocol
Systematic search of the literature
Structured screening of search results carried out by
multiple reviewers
Assessment of validity of included studies
Systematic synthesis and presentation of findings
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HIRE A
LIBRARIAN
(OR 12)
Given the aims of evidence synthesis to summarize current and
relevant literature, a growing body of research suggests that
librarian involvement on systematic reviews improves quality of
the resulting evidence synthesis (Rethlefsen et al, 2015). Librarians
are increasingly being trained in the process of designing
comprehensive, structured searches for evidence synthesis, and to
employ new methods such as text mining. Evidence synthesis as an
academic library service is also on the rise.
Even with this increased librarian expertise, a divide exists between
librarians with systematic searching expertise and the researchers
who are spearheading those reviews. Efforts to bridge this divide
will be a first step toward improving workflows for agricultural
evidence syntheses on topics outside of the health sciences.
To this end, the inclusion of librarians in our eight research teams
was deemed essential. The team of twelve librarians participating
in the Ceres2030 project created flexible methodology tools such
as a structured protocol template informed by multidisciplinary
guidelines, documentation templates for our systematic searching
plans, and a process for open dissemination of our search strategies
to promote reproducibility.
The resources are publicly available, in hopes that they can be
adapted for any evidence synthesis project and used by any
researchers working together with librarians.
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A forthcoming article detailing
the librarian engagement,
“Making the case for librarian
expertise to support evidence
synthesis for the Sustainable
Development Goals” has been
accepted for publication.
A pre-print of the article is
available in the annex.

CREATE
PROTOCOLS
Medical and health sciences, environment and social
policy are all fields that have recognized the importance of
improving the conduct and use of evidence so that relevant
solutions can be shared with funder, policy, practice and
research communities. After all, healthcare has Cochrane,
social policy has Campbell Collaborative, and conservation
has the Collaboration for Environmental Evidence. But there
is no dedicated organization or organized communities of
practice focused on evidence synthesis in agriculture or
food security.
We set out to create collaborations that would help us draft
our own guidance and minimum standards for synthesis
conduct, developing methodologies for our diverse
volunteer network of 77 researchers from 23 countries.
We worked with the Campbell Collaborative to review and
develop frameworks that complement systematic reviews.
We modified the internationally accepted guidelines of
PRISMA-ScR and tailored it to the discipline-specific
considerations of evidence in agriculture (Tricco 2016). Key
among the differences was the need to balance qualitative
and quantitative evidence and a risk of bias assessment.
At the heart of the process was the starting protocol, which
guides the steps of a systematic or scoping review.
It is phase one of the work plan, and provides the study
design and rationale of the review question. Protocols can
also help foster maximum engagement, including critical
dialogue, without compromising the integrity of the review.
The protocol is registered before the title and abstract
screening work begins, which protects both replicability and
transparency of the work and reduces introduction of bias.
Once the protocol is registered, the scope of work cannot
change but amendments can be made.

There is no protocol registry site
specifically for agriculture evidence.
The Open Science Framework
became the repository of choice
for our protocol template and the
eight Ceres2030 evidence synthesis
protocols. These materials are are
available at https://osf.io/adxek/
It includes:

1. Administration information:
a.
b.
c.
d.

Identification of the type of review
Authors
Roles and responsibilities
Registration URL

2. Introduction:
a. Rationale for the review in the context of what is
already known
b. Description of the problem, condition or issue that
the intervention under review is aiming to address

3. Methods:
a.
b.
c.
d.
e.
f.
g.
h.
i.

Objectives
Definitions
Research question
Eligibility criteria
Information sources
Search strategy
Study records
Critical appraisal of individual sources of evidence
Data synthesis/charting
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BUILD
TEAMS
In the pages of the most influential journals in the world, including Nature and Science,
70 percent of all peer-reviewed articles are first-authored by men. Meanwhile, 70 percent
of the 1.3 billion people who live in poverty worldwide are women (Shen, Y. A., Shoda, Y.,
& Fine, I. (2018)). So it was important to the Ceres2030 organizers that our research teams
were diverse and female-led.
In searching for team leaders, we sought out scholars who were accomplished, innovative,
and focused on interventions that could improve the lives of small-scale farmers.
A turning point in our ability to identify dynamic scholars outside of our own network was
to leverage advances in machine-learning, which is described in more detail below.
The creation of a model that could ingest and classify information from thousands of
papers from various websites and databases meant that we could identify an incredible
network of scholars. It also meant that we could identify people that were working on
the same issues but that held different domain expertise on a topic, such as asking gender
researchers working on consumer and breeding preferences to join a research team focused
on technology adoption by farmers for climate-smart agriculture.
The seven women and one man who were selected as the team leaders then worked with
us to build out their teams with equally accomplished and diverse scholars from every
continent, representing multi-disciplinary schools of thought. They were development and
environmental economists, geographers, physical and social scientists and librarians.
One of the challenges we faced, however, was pulling tenure-track scholars away from
work that would be better received by their review committees, such as original research
and publications.
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What leads farmers
in climate-vulnerable
countries to adopt
climate-resilient crops?

Photo caption: John Wambugu via USAID

ON THE FARM

Read the article:
https://www.nature.com/articles/s41477-020-00783-z
Climate change exposes our food systems to increasing
and potentially devastating risk. Less predictable and
more extreme weather—from droughts to floods—
increases farmers’ costs. Exposure to loss threatens
domestic production in many developing countries
to the point of imperiling their food security, and
increasing the risk of disruption to international
markets.
As the unpredictability and extremity of damaging
weather increases through climate change, there is an
urgent need to find climate resilient crops and crop
varieties. Agricultural research and development have
invested significant resources in creating alternatives
for farmers to consider in stressed situations. But
which crops, and which traits of crops, are best
adapted to changing conditions? How successful have
new varieties been in the face of extreme weather
events? And most importantly, to what extent have the
crops been adopted by small scale producers?
New adaption practices are a critical line of defense in
the midst of climate change uncertainty, and we better
understand adaptation when we first understand the
reasons that farmers adopt new crops. We look across
geography, financial incentives, socioeconomic details,
market access, gender and more in order to get to the
heart of ‘why’ farmers adopt new crops. This evidence
synthesis will review more than 30 years of research
and 5,000 papers as we characterize “climate-resilient”
crops and reasons for adoption.

Maricelis
Acevedo

Livia Bizikova

Lead author
Cornell University

International Institute
for Sustainable
Development (IISD)

Karen Cichy

Kate Ghezzi-Kopel

Krista Isaacs

Sisi Meng

Kevin Pixley

Jaron Porciello

Hale Ann Tufan

Nkulumo
Zinyengere

U.S. Department of
Agriculture, Agriculture
Research Service

Michigan State
University

International Maize and
Wheat Improvement
Center (CIMMYT)

Cornell University

Cornell University

Keough School
of Global Affairs,
University of Notre
Dame

Cornell University.

The World Bank
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What interventions
improve farm income
and productivity while
tackling water scarcity?

Photo caption: Jervis Sundays, Kenya Red Cross Society, via USAID.

ON THE FARM

Read the article: https://www.nature.com/articles/s41893-020-00623-0
Water use has been growing globally at more than
twice the rate of population increase in the last
century, and an increasing number of regions are
reaching the limit at which water services can be
sustainably delivered, especially in arid regions
(UN Water 2019). The sentence should be “At
the same time, farmers also face potential water
scarcity. Droughts have been responsible for
some of the most serious famines in the world,
wreaking havoc on crop growth, livestock health,
fisheries and aquaculture production (FAO 2018).
How do we farm without depleting our water but
farm in a way that increases productivity so that
we meet the Sustainable Development Goal of
“zero hunger” by 2030?
Farmers face an urgent need to adopt sustainable
agricultural practices that match the need for
increased productivity to meet demand with
the need to preserve water use. These initiatives
range from downscaling irrigation technologies
to improved crop storage. This synthesis will
examine more than 18,000 papers to explore and
reveal the spectrum of interventions that have
tested the effectiveness of on-farm interventions
for improving smallholders’ yield and incomes in
water scarce regions. This evidence synthesis will
offer a thorough review of the most promising
incentives for farmers and describe some of the
ways to encourage adoption of new practices
addressing water scarcity.
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Vincent Ricciardi

Florian Diekmann

Cecile Godde

Meha Jain

Ellen
McCullough

Zia Mehrabi

University of Georgia

University of British
Columbia

Nicola Randall

Tim Schoepke

Lead author
World Bank

CSIRO

Centre for Evidence
Based Agriculture,
Harper Adams
University

Balsher Singh
Sidhu

University of British
Columbia

Abdrahmane Wane
Agricultural Research
Centre for International
Development, Kenya
(CIRAD)

The Ohio State University

University of Michigan

National Agricultural
Library

Divya Solomon

University of Michigan

How can we improve
livestock nutrition to
benefit small-scale
farmers in Africa
and Asia?
Photo caption: International Livestock Research Institute (ILRI)

ON THE FARM

Read the Article https://www.nature.com/articles/
s41477-020-00786-w
Over a billion people depend on livestock for their
livelihoods. Their animals are not just a source for
food, or assets to be sold, they also serve many
vital roles on farms, from providing the energy for
plowing to producing high-value compost. Whole
food systems, most of them nomadic, are centered
on livestock, and these systems make an invaluable
contribution to global food security and nutrition.
A productive farm depends on having productive
animals—and productive animals depend on
good feed.
Food security experts have increasingly focused
their attention on how to improve the quality,
the quantity, and the year-round availability of
fresh livestock feed. Interventions include the
introduction of more nutritional grasses and
legumes and better methods to preserve fresh feed
throughout the year.
This evidence synthesis looks at whether farmers
have embraced these interventions; and where there
is evidence that they have, what have the results
been? Has better feed led to higher productivity?
This evidence synthesis is looking at more than
20,000 papers in order to identify the most
promising feed options for improved productivity
animal nutrition and how this contributes to
improvements in their livelihoods.

Isabelle
Baltenwick

Debbie Cherney

Alan Duncan

Erin Eldermire

Cornell University

Lead author,
International Livestock
Research Institute
(ILRI)

International Livestock
Research Institute (ILRI)

Cornell University

Ricardo Labarta

Edda Tanga Lwoga

James Rao

Nils Teufel

International Center
for Tropical Agriculture
(CIAT)

International Livestock
Research Institute (ILRI)

Science College of
Business Education
(CBE), Tanzania

International Livestock
Research Institute (ILRI)

Steve Staal

International Livestock
Research Institute (ILRI)
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Do value chain small
and medium enterprises
address market failure
of small farmers in
developing regions?
Photo caption: Fintrac Inc. for USAID

FOOD ON THE MOVE

Read the article:
https://www.nature.com/articles/s41893-020-00621-2
When we talk about specific foods in a food system,
we are often talking about “value chains.” A value
chain describes the process that takes a crop from
the field to the supermarket shelf. It begins with
the inputs that lie behind a farmer planting their
crops and then extends through warehouses,
transportation, processors, food manufacturers,
wholesalers, exporters, supermarkets, street
food vendors, and fast food restaurants. They all
influence the way small-scale producers farm and
market their produce.
And all these elements of the value chain have, in
turn, been influenced by urbanization, population
growth, and rising incomes in developing countries,
which have transformed what people eat over the
past twenty years. Diets are now more diverse
with people eating more meat and processed food.
These trends both drive and reflect changes in the
way food is created, stored, shipped, processed,
and sold, and change the risks borne by small scale
producers and farmers.
This evidence synthesis looks at service providers
who support small-scale producers. Who are
they, and what services are the most beneficial to
farmers? This evidence synthesis will expand our
knowledge about the interactions between farmers
and value chain service providers.
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Saweda
Liverpool-Tasie

Livia Bizikova

Ashley Celestin

Alessandra Galie

Nasra Gathoni

Guigonan Serge
Adjognon

Lead author,
Michigan State
University

Cornell University

Aga Khan University

International Institute
for Sustainable
Development

International Livestock
Research Institute (ILRI)

The World Bank

Thomas Reardon

Justice Tambo

Sarah Young

Ayala Wineman

Michigan State
University.

Carnegie Mellon
University

Carolina Vargas
Espinosa

Michigan State University

CABI

University of Washington

What interventions can
reduce crop losses at,
and after, harvesting
and how can they be
implemented?
Photo caption: Michael Foley

FOOD ON THE MOVE

Read the article:
https://www.nature.com/articles/s41893-020-00622-1
Postharvest loss is not just about losing valuable
crops during and after their harvesting, but wasting
the precious and finite resources—land, labor,
water, fertilizer, and energy—that went into their
growth. It happens in a myriad of different ways,
from poor handling to spillage during transport, or
spoilage due to poor storage. And these food losses
are often happening in the midst of local hunger
and poverty.
For farmers, reduced losses mean greater
productivity and increased food security,
with higher quality produce resulting in more
bargaining power with buyers. For governments,
fewer losses would mean improved environmental
and economic performance. For consumers,
fewer losses would mean more and cheaper food.
Tackling postharvest loss is a critical element in
achieving zero hunger.
And yet despite widespread agreement among
decision-makers about the importance of solving
this problem, there has been little coordinated
research and evaluation on how, exactly, to do this—
especially around the training and finance needed
to get technological solutions into widespread use.
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The goal of this evidence synthesis is to identify
the range of field-tested interventions available to
tackle postharvest losses across the food system,
and then assess whether these interventions are
effective and to what degree.
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Can more young
people in Africa, Asia,
and Latin America
enter the agricultural
workforce through
better skills training?
Photo caption: USAID

ENABLING ENVIRONMENT

Read the article:
https://www.nature.com/articles/s43016-020-00172-x
Working poverty and unemployment figures for
youth in developing world countries are sobering,
estimated to be as high as 70% in Sub-Saharan
Africa (ILO 2019). Yet youth are more educated
than ever before, both in terms of years in school
and levels of literacy (Roser and Ortiz-Ospina,
2019). Such demographics shape the future, so
how should youth be supported to ensure that
they could put educational attainment to good use
while earning enough to transform the structure of
their economies?
Young people in different regions of the world are
not necessarily opposed to the idea of farming,
though often face constraints in doing so. This
synthesis will considers the importance of skills
training on youth in the agricultural sector in
developing countries. We emphasize agricultural
value chains, agribusiness and contract farming
interventions. We explore the extent to which
training programs have been considered the
heterogeneity of educational attainment and
livelihood aspirations of both girls and boys.
We examine whether such factors have been
considered as part of youth training programs. This
review will provide insights on how to prioritize
investments to achieve SDG2 through livelihoods
in agricultural-related activities.
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What policy incentives
will lead farmers to
adopt environmentally
sustainable practices?

Photo caption: World Bank Photo Collection

ENABLING ENVIRONMENT

Read the article:
https://www.nature.com/articles/s41893-020-00617-y
Forward-looking policies to encourage sustainable
agricultural practices by land users can facilitate the
protection of the ecosystem, increase productivity,
enable sustainable production, reduce poverty and
advance food security. Yet the OCED reported in
2019 that many agricultural policies obstruct efforts
to make agriculture more productive, sustainable
and resilient, But differentiated interventions are the
backbone of sustainable food systems, incentivizing
farmers to adopt sustainable agricultural practices
that enhance farm productivity while ensuring
environmental sustainability.
When policies and incentives are calibrated to local
contexts, they can help ensure that we are on path to
making the right changes for the future. This synthesis
will look at more than 17,000 papers to examine
market, regulatory and cross-compliance incentives
that are offered to farmers by the government, NGOs,
international organizations, development banks
and other market actors to encourage the adoption
of sustainable land management practices. The
implementation of sustainable practices may require
significant effort from farmers and the support of
governments and public-private partnerships at
national and local levels. We examine the extent to
which environmental and development goals can
be achieved using the same policy tools, and where
trade-offs may exist between socio-economic and
environmental objectives. The outputs from this
review will be able to guide decision-makers in
considering a range of possible policy solutions to
encourage practices for a more sustainable future.
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How can farmers
organizations be better
supported to achieve
outcomes-based
programming?
Photo caption: Fintrac Inc via USAID

ENABLING ENVIRONMENT

Read the article:
https://www.nature.com/articles/s43016-020-00164-x
Farmers organizations have a long history in
agriculture. For producers, they provide support
on issues as varied as collective action and
bargaining for better prices to providing training
and extension services. For external partners, such
as donors and NGOs who have programs they
hope will reach farmers, they are an intermediary
for these groups to reach farmers. Farmers
organizations can empower smallholder farmers
and allow them to address issues of scale.
But, what are the various strategies that farmers
organizations use to reach farmers? What are the
impacts of the farmers’ organization strategies on
smallholder producers and on the environment?
Support for farmer organizations is one of the
strategies considered to be the most effective in
overcoming the challenges facing smallholder
farmers—challenges that act as barriers to urban
market access among other opportunities. We are
reviewing more than 7,000 papers from the past 20
years to assess the various strategies that farmers
organizations have used to support farmers. This
review will provide an in-depth understanding of
how farmers organizations can be better supported
in order to achieve outcomes-based programming.
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A LITTLE HELP
FROM AI
While the commercial sector has seen an explosion of investment
and improvement in text-based machine learning over the past
two decades, like Alexa and Google, there has been precious little
attention to using machine learning in academic research, at least
from the perspective that treats scientific findings and results as data
that can be explored for policy purposes.
So we created our own models to do this work.

The full technical details of the model
were published in Nature Machine
Intelligence and the underlying code
is available on GitHub.
We built machine-learning and natural language processing
(NLP) models to help us analyze hundreds of thousands of
scientific papers — and not just research published in the journals
captured by Western academic databases like ISI and Scopus.
We also searched peer-reviewed work published by NGOs and
governmental agencies like the FAO; many of the academics in
developing countries who study applied agricultural research
publish in these forums but whose work is not captured by
expensive subscription databases run by publishers.
As we scanned for keywords that would indicate interventions
to help mitigate hunger among the world’s poorest people, we
quickly faced our first challenge: how to discover and classify all
types of interventions in agricultural research, given that the word
intervention isn’t used consistently by scientists and researchers
in agriculture. In fact, they rarely use the term at all. The word
“intervention” was found through normal keyword searching in
less than 5% of our dataset.
We used semantic associations to enrich our ability to discover all
of the available interventions in our dataset, even when the word
intervention was not used, by training a machine learning model
to discover all possible synonyms for ‘intervention’.

For example, when we conducted a keyword search using only
“intervention*” and “greenhouse gas emissions” in our dataset, we
found 10 percent of the relevant materials. This number jumped to
61 percent when we created semantic associations.
We trained our program on the same sample of 50,000 research
papers that we used for topic modeling described in the intervention
identification phase above—first selected on the basis that they
referred to smallholder producers and agriculture— to find synonyms
for “intervention.” These included words like “targeting,” as well as
phrases like “capacity building” and “multi sectoral approach.”
Synonym to
“intervention”

Number of
articles

Percent of
articles

Programme

16934

3.53%

Program

25305

5.27%

Action

16330

3.4%

Policy

51559

10.74%

Strategy

45124

9.4%

Initiative

7851

1.64%

Effort

18046

3.76%

Measure

31143

6.49%

Government intervention

410

0.09%

Project

27806

5.79%

We then used this dataset program to, in essence, let the research tell
us about itself. What were these interventions and how were they
grouped into closely aligned topics?
The next challenge we faced was creating a taxonomy to see how
the corpus of literature we collected could be interrelated (i.e. have
a shared vocabulary) before any analysis could begin. We wanted to
explore how researchers described their work in their own words
without any other filters.
This can be achieved using natural language processing and machine
learning. By doing so, we were able to evaluate various maps of the
research on topics like crop systems, environmental sustainability
and biodiversity, similar to what we did with systematic reviews in
the first analysis. This resulted in building more connections than
we had seen previously. It was also valuable in elucidating patterns
in data that did not originate from the same source, offering some
empirical weight to assess and evaluate where gaps and fullness occur
in the dataset.
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All this set the foundation for Persephone, a machine learning tool
used by our researchers to ultimately analyze 500,000 unstructured
text summaries from prominent sources of agricultural research,
determining with 90% accuracy the subset of studies that would
eventually be selected by expert researchers.










 

    


       




  
  
  













 
  

 
 
  
 









 
 
 
  





 


 


   
   
 
 
 



 
     
 










 









This shows how we model interventions at the country level. a,
Technology, socioeconomic, ecosystem interventions detected for
provinces across Kenya. The legend indicates the unique count of articles
across all intervention types per province, providing a sense of where
more or less research has been done. b, Seven narrow classes (for example,
specific interventions) per each broad class of socioeconomic, technology
and ecosystem in Kenya, and a unique count of articles per narrow class.

26

    

 

It is capable of bringing together
and analyzing any text-based
information—peer- review
journals, agency reports—in
order to create ‘big data’
analytics for agriculture and
related disciplines. Not only
does this have enormous
potential to save time, but it can
also help us in unexpected ways
to see patterns that we would
be unable to see otherwise.



 
  

PUBLISHER
PARTNERSHIP

Multi-disciplinary, interdisciplinary and applied work is often not
rewarded at academic institutions, and can even present barriers
(Leahey, 2007). Likewise, commercial publishing systems are more
likely to reward scholarship of novel, basic science, than applied
science or policy work.
As a result, there are few incentives for academic researchers to
engage with policy-relevant processes.
To counter this, we partnered with a high-quality publisher from
outside of the normal channels of agricultural research dissemination.
The Nature Publishing Group has described itself as the publisher
of the SDGs. With thanks to Sense about Science USA, a cold call
to a senior publishing manager began a relationship that would
continue to develop across Nature Research, especially with editors
at the interdisciplinary journals Nature Sustainability and Nature
Food, founded largely on mutual goals of disseminating knowledge
to cross-disciplinary audiences and creating rigorous evidence
synthesis processes.

The prospect of being published in
this high impact, peer-reviewed
journal series was a great
incentive for the 77 scholars who
participated in the project. t also
added even more scientific rigor to
the project and brought additional
attention to the SDGs.
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THE NUTS AND
BOLTS AND
TOOLKIT

In between, we held webinars and in-person meetings to provide technical
training to authors on title and abstract screening, and on the Covidence
screening platform.
There was also a two-day “search party,” in which the research synthesis
specialists gathered to run and execute the searches, de-duplicate the
results, and load materials into Covidence. This was followed by a fiveday workshop in Rome, Italy, where 55 members from the research
teams gathered and were graciously hosted by the Food and Agricultural
Organization of the United Nations.

Ceres 2030 was an enormous effort, and keeping track of all
the moving parts was no small feat.

Phase III: Data extraction and synthesis

•
•
•
•

Phase IV: Finalizing and submitting the manuscripts to
Nature

•

We developed a four-phase work plan to guide our progress:

•
•
•
•

We created an author’s manual (in the annex) to help guide our research
teams through the evidence synthesis and reporting processes, and
provided other tools and resources, including:

Phase I: Prepare the protocols
Phase II: Title, abstract and full-text screening

Six weeks were allocated for Phase I, and Phase IV was to be
completed four months later.
Legend
Author

Research synthesis
Project manager

A protocol and registration framework
A manuscript template approved by Nature Research
Access to a systematic review software, Covidence
Persephone, a Ceres2030 machine learning environment to
accelerate the reviews
Access to the world’s best agricultural research information through
Cornell University’s Mann Library

Project Name: Ceres2030

•

Google drive space for all of the teams to collaborate

deadline
Completed X
Year 2019

Jan

Weeks (Beginning Jan 1, 2019
Assist?

Who is
responsible?

Feb

March

The protocol template is devised, reviewed, and agreed upon

May

June

July

August

September

October

November

December

January

Major Activities

What is the task?
The broad questions and lead authors are identified and shared

April

Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 5 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 5 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4

X

X
X

Protocol is published on the website
Biweekly research synthesis team calls are scheduled (life of project)
Create checklist of all of the software the research synthesis teams will need
List of databases and grey literature to be searched is shared with librarians for feedback

X
X

Databases and grey literature resources have been reviewed and approved by authors
The web scripts are retested for grey literature extraction
Lead authors and librarians introduced via email; teams are formulated

EVENT

Lead author meeting at Gates Foundation (includes intro to SR)
Research questions are solidified
Interventions questions are parsed by PICO framework
Key concepts and definitions are agreed upon
Key concept search strategies are shared and the searches are developed
Protocol work initiated
Co-authors are decided upon
Weekly project emails go out to each team from PM
Co-authors recruitment is complete
Define inclusion and exclusion criteria
Define key concepts and list them by PICO or SPICE
Confirm gray literature and databases to be searched
Devise a master search strategy and test it
Write the protocol introduction and rationale

Plan for and write risk of bias assessment section of the protocol
Plan for and write data extraction section of the protocol
Plan for and write data extraction section of the protocol
The draft protocols and potential referrees are shared with Nature
Team signs off on final protocols

EVENT

Research synthesis experts convening at Cornell
The protocols are uploaded onto Open Science Framework
The protocols are published on the Ceres2030 website
Register for an OSF account
Prepare OSF templates and protocol registration project space
Translate master search strategy to syntax of all databases
Perform translated search strategies in all databases/grey lit
Export search results into Zotero
First-pass at machine learning to code the results with core concepts
Deduplicate the search results (using machine learning)
Create Covidence projects
Import the deduplicated results into Covidence
Train author teams on Covidence (remote)
Abstract screening begins

EVENT

ALL AUTHORS MEETING
Training on meta analysis components
Abstract screening concludes
Papers to be screened in full are selected
Papers are assigned (5-10 papers per person)
Publisher manuscript is presented and uploaded to Google drive
Check-ins with advisory board for early July are scheduled
Export included studies from Covidence
Auto-find PDFS from Endnote
Manually download the rest of the PDFs from library subscriptions
Input PDFs back into Endnote
Batch import all PDFs into Covidence for full text screening
Full text screening is complete
Advisory board check-ins are complete
Introduction section is drafted
Data extraction
Risk of bias assessment
Synthesis
Information retrieval methods sections
Submit to Nature Research Journals
Peer review
Comments are returned
Resubmit
Online version is available
Print version is released
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Legend
Research synthesis
Proyect manaer
Deadline
Completed X

CONCLUSION
The Sustainable Development Goals are all united by a common
challenge: they need evidence—evidence that can inform policies
that will address, mitigate, and solve complex problems. While
scientists and policy makers often find themselves trying to solve
the same problems, they look at information in distinct ways.
As part of the Ceres2030 project, we designed a transformative
approach that can bridge this divide and synthesize research from
a policy perspective.
The scope of the reviews our teams undertook is unprecedented.
We collectively reviewed more than 100,000 papers spanning a
plethora of sources not usually captured in scientific databases.
We were proud that all eight of the evidence synthesis passed peerreview in some of the world’s most prestigious journals, and were
published by Nature Research in October 2020, and our findings
were featured at numerous high-level events in 2020 and 2021.

For us, the more practical
response is not to look at the
haystacks of research before
us and conclude ‘there are no
needles’, but rather to focus on
developing the tools we need to
make short work of the hay and
present a stack of needles.

The work is helping to enhance our understanding of what will be
needed from official development assistance (ODA) to support
the realization of SDG 2.
We demonstrated that addressing world hunger will require
attention and investment not just in tractors and seeds, but
in the entire systems that support farmers: transportation,
infrastructure, education and training, and inclusive participatory
decision-making.
Our syntheses also demonstrated the vital importance of building
bridges between what scientists know, what donors are willing to
fund, and what small-scale farmers truly need.
And the process highlighted the need for better tools to bring
research and policy together, reduce bias, and enable researchers
and policymakers to find the science they need.

With the clock ticking on the Sustainable Development Goals,
and the World Health Organization recently reporting that the
economic and food system disruptions caused by COVID-19
could push an additional 130 million people into chronic hunger,
we have no time to waste. There is an overwhelming need for
donors to invest not only more (twice as much more, according to
our cost modelling), but more wisely. Laborde, D., Parent, M., &
Smaller, C. (2020).
It is our hope that the approach, based on rigorous, comprehensive
and inclusive evidence synthesis aided by machine learning, can
transform how we find the right evidence to inform policy, in a
timely manner.
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Ceres2030 is a partnership of Cornell University, the International
Food Policy and Research Institute (IFPRI), and the International
Institute for Sustainable Development (IISD) with support from the
Federal Ministry for Economic Cooperation of Germany (BMZ) and
the Bill & Melinda Gates Foundation.
The mission of Ceres2030 is to support the efforts of international
donor community toward the United Nations’ Sustainable
Development Goal (SDG) 2: End hunger, achieve food security
and improved nutrition and promote sustainable agriculture. In
order to meet the goal of “Zero Hunger” worldwide by 2030 we
must quickly identify the most effective opportunities for public
investment. Ceres2030 utilizes economic modelling, semantic
machine-learning models, and evidence-based synthesis to
identify how foreign aid donors can most effectively focus their
resource s in the international effort to end hunger.

http://ceres2030.org
Twitter @ceres2030
Email: Ceres2030@cornell.edu
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