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Global food systems are currently facing unprecedented challenges with respect to production and nutritional
targets, inclusivity and environmental footprint. Several recent reports highlight the need for major, rapid
reconfiguration of our food systems as a result. International publicly funded agricultural research for devel
opment will play an increasingly vital role in support of such goals as reducing poverty, improving food and
nutrition security, and improving natural resources and ecosystem services. Here we take stock of the work over
the last decade of CGIAR, one of the major players in the agricultural research for development arena, from the
perspective of published, peer-reviewed science. We do this with respect to several elements of its vision as set
out in 2011, elements that are shared by many other organisations that are also working towards achieving the
Sustainable Development Goals. Overall, we found a strong association between number of CGIAR publications
and countries with large numbers of rural poor and high child stunting prevalence. At the same time several
countries were identified that are anomalous, being either relatively over- or under-represented in the peerreviewed literature in relation to numbers of rural poor and stunting prevalence. On average, 30% of the cal
ories consumed in national food baskets come from food sources that are not currently the commodity focus of
CGIAR research, such as fruit and vegetables. We identify possible ways in which the alignment between the
strategic objectives of an agricultural research for development organisation such as CGIAR and its publicly
funded science outputs might be further strengthened, for maximum impact in the nine years that are left for the
world to achieve the Sustainable Development Goals.

1. Introduction
Over the last fifty years, the changes in the landscape of agricultural
research for development have been profound. While the progress in
food production to feed more than twice as many people has been
impressive, there is growing recognition that there are serious failings
associated with current food systems with respect to production and
nutritional targets, inclusivity and environmental footprint (Lobo
guerrero et al., 2020). Several recent reports highlight the fact that
current trajectories are neither on track nor speedy enough to meet the
Paris Agreement on climate change and the Sustainable Development
Goals (SDGs), particularly SDG 2 (zero hunger), and that major

reconfiguration of our food systems is needed (FAO et al., 2019; Willett
et al., 2019; FOLU, 2019; De Cleene, 2019; Herrero et al., 2020a; Steiner
et al., 2020, Meridian Institute, 2020; Barrett et al., 2020).
With respect to the allocation of funds, the international research and
development (R&D) literature has predominantly concentrated on the
identification of relative expenditure by the private and public sector
and its potential contribution to public goods such as improved nutrition
and poverty reduction (e.g., Fuglie et al., 2011; Fuglie et al., 2012). Data
from this literature show that the growth in private spending tripled
between 1990 and 2014 (Fuglie, 2016) and that in high income coun
tries this now constitutes the main investment in agricultural R&D.
Evidence from other analyses also indicates that public R&D, unlike
private R&D investments (Beintema and Stads, 2017), focusses more on
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Nomenclature

Areas
ICRAF
World Agroforestry Center
ICRISAT International Crops Research Institute for the Semi-Arid
Tropics
IFPRI
International Food Policy Research Institute
IITA
International Institute of Tropical Agriculture
ILRI
International Livestock Research Institute
IRRI
International Rice Research Institute
IWMI
International Water Management Institute
ODA
Official Development Assistance
PIM
CGIAR Research Program on Policies, Institutions, and
Markets
RTB
Roots, tubers and bananas
WLE
CGIAR Research Program on Water, Land & Ecosystems
WorldFish World Fish

Acronyms
A4NH
CGIAR Research Program on Agriculture for Nutrition &
Health
AfricaRica Africa Rice Center
Bioversity2 Bioversity International
CCAFS
CGIAR Research Program on Climate Change, Agriculture
& Food Security
CIFOR
Center for International Forestry Research
CIAT2
Center for International Tropical Agriculture
CIMMYT International Maize and Wheat Improvement Center
CIP
International Potato Center
CRP
CGIAR Research Program
FISH
CGIAR Research Program on Fish
ICARDA International Center for Agricultural Research in the Dry

issues and crops with smaller potential returns (Reynolds et al., 2017). In
line with the private sector, however, most public and philanthropic
agricultural R&D investment still targets commodity grains and cash
crops (Anderson et al., 2017).
Another related strand of investigation focusses more specifically on
returns to food and agricultural R&D investments (e.g., Maredia and
Raitzer, 2010; Hurley et al., 2016; Pardey et al., 2016). The methodol
ogies used to estimate aggregate returns to research investments have
been subject to significant debate for many years (e.g., Griliches, 1958;
Rao et al., 2017). Although it is not the objective here to enter into these
discussions, it should be noted that the internal rates of return quoted for
research investments are sometimes implausible (Rao et al., 2017), are
not recommended in comparing the relative profitability of investments
(Daunfeldt and Hartwig 2014), and, particularly in sub-Saharan Africa,
are not particularly congruent with the composition of agricultural
production (Pardey et al., 2016).
There is a large amount of information on agricultural research
funding, although much of it is in aggregated form. The ASTI website
(https://www.asti.cgiar.org/), for example, is a public resource with
information on investments, human capacity, and the institutional
structure of agricultural R&D in low- and middle-income countries
(LMICs). In addition, many of the major philanthropic, multilateral and
other investors in agricultural R&D liberally share their investment
portfolios online; see, for example, https://www.gatesfoundation.
org/What-We-Do/Global-Growth-and-Opportunity/Agricultural-Deve
lopment; https://ec.europa.eu/eip/agriculture/en/about/pooling-fund
ing-streams-boost-interactive; https://www.ers.usda.gov/data-produc
ts/agricultural-research-funding-in-the-public-and-private-sectors/.
This information on R&D investment flows is clearly essential to un
derstanding the contribution of research to agricultural growth and
development. In its current publicly available form, however, it does not
provide the necessary detail to allow the different flows to be compared
and contrasted, which effectively impedes their use in any analysis or
recommendation related to the efficient allocation of funds. In a highly
dynamic landscape in which research needs are shifting rapidly, this is a
considerable impediment to the effective and efficient redirection or
repurposing of funding flows.
One input into analyses that could help to address this issue would be
information on the congruence between shifting research for develop
ment needs and actual research expenditure. Given the difficulties in
obtaining disaggregated research expenditure data, here we investi
gated the viability of using recent peer-reviewed literature as a proxy for

research expenditure by CGIAR, a large, international agricultural
research for development research system encompassing a wide
research agenda in different countries. We then analysed the broad
alignment of these proportions with global databases on population,
poverty, food and nutrition security, and national food baskets (i.e., the
aggregated make-up of the human diet at the national level). We iden
tified some gaps in country and topic coverage that may warrant
attention in the future from CGIAR and/or other partners working on
agricultural research for development (AR4D). We discuss the limita
tions of our analysis and make suggestions for some simple monitoring
of research expenditures in the future that could provide information to
help rebalance agricultural research for development portfolios rela
tively quickly and effectively in highly dynamic environments.
2. CGIAR: A major public contributor to agricultural research
for development
CGIAR is the largest global agglomeration of international publicly
funded AR4D institutes. It was established in 1971 as one response to
mid-20th century concerns about widespread famine. In its five decades,
CGIAR has spent about USD 60 billion in present value terms, an in
vestment that is estimated to have returned tenfold benefits with respect
to greater food abundance, cheaper food, reduced rates of hunger and
poverty, and a smaller geographical footprint of agriculture (Alston
et al., 2020). This is an outstanding return on investment. Funding to
CGIAR represents <2 percent of total global agricultural research, and
about 3 percent of public investment in LMICs (Beintema et al., 2020).
Nevertheless, CGIAR has delivered considerable international public
goods, as well as having a key role in building national research ca
pacities to help deliver impacts at scale (Beintema and Echeverria,
2020). As GCA (2019) and others note, however, much more investment
will be needed, possibly of the order of USD 1.8 trillion to 2030, if food
and nutrition security is to be ensured for all in the face of economic and
zoonotic shocks and a warming and increasingly variable climate.
Total expenditure by CGIAR for 2016 amounted to just under USD
930 million (CGIAR, 2016), and this declined slightly in 2017 to just
over USD 800 million (Alston et al., 2020). By region, 49% was spent in
sub-Saharan Africa, 27% in Asia, 16% in the Americas, 5% in Central &
West Asia and North Africa, and 3% in Europe (though the source of
these numbers is unclear). The work program was implemented by some
10,720 staff, working on 19 mandated crops or crop groups (banana and
plantain, cassava, potato, sweet potato, yam, maize, wheat, rice,
groundnut, cowpea, soybean, chickpea, Phaseolus (dry) bean, pigeon
pea, lentil, faba bean, barley, millet, sorghum); six livestock species
(cattle, sheep, goats, pigs, fish and chickens); and livestock feed and
trees. In what follows, we refer to these 26 crop, livestock and other
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Fig. 1. Share of CGIAR average annual expenditure by commodity, 1992–2016. These data exclude several CRPs (PIM, A4NH, CCAFS, WLE, FISH), CGIAR’s
genebanks, IFPRI, IWMI and Bioversity (ISPC, 2018). LDC: Legume and dryland cereals, RTB: Roots, tubes and bananas.

in circumstances.

resources as “commodities”. The share of annual CGIAR expenditure on
each of these commodities in recent years is, as far as we know, not
known with much accuracy, although we attempt to estimate it below.
Fig. 1 shows the evolution in annual expenditure since the early 1990s
for rice, wheat and maize, legumes and dryland cereals, roots and tu
bers, livestock, fish and trees (ISPC, 2018).
To estimate a breakdown in CGIAR research expenditure in more
detail, we used the number of peer-reviewed publications as a proxy. As
we show below, there is a strong, highly significant correlation between
Centre expenditure and the number of peer-reviewed publications.
There is some reasonably strong theoretical justification for this. Over
the last 15 years, CGIAR research programs have made increasing use of
theory of change to help bridge the gap between knowledge generation
and development impact on the ground. R&D activities may result in a
range of different outputs, and translating these into outcomes and
impact requires broad engagement to ensure ownership and buy-in by
partners; it also requires enhancing the capacity of next- and end-users
to make best use of the outputs produced (Vermeulen and Campbell,
2015). Whether operating at global, national or local level, peerreviewed science (for example, in relation to innovation testing and
scaling or quantifying outcomes and impacts) is a cornerstone compo
nent of the multiple pathways that may connect research with devel
opment impact on the ground (Thornton et al., 2017). Peer-reviewed
science outputs may contribute to development impacts through a
wide range of different pathways involving many different actors
(Gaunand et al., 2015; Temple et al., 2018; Tomich et al., 2019). Bib
liometric analysis is widely used to assess research organisations’ quality
of science, including that of CGIAR itself (Rünzel et al., 2021), though
linking science quality with impact in a robust way requires additional
elements such as impact narratives or case studies (Wilsdon et al., 2015;
Pedersen et al., 2020). Using number of peer-reviewed publications as a
proxy of both research expenditure and research quality has limitations.
Nevertheless, as we argue in Section 5 below, the results still have
utility: not to prioritize commodities or countries, or even to provide
information that could be used to do so, but in a very broad way to
reflect on the alignment between the goals of CGIAR, as expressed in
2011, and the research portfolio in the subsequent decade. We also
highlight the necessity of monitoring research expenditures in some
detail in future, to allow more nimble AR4D that responds to rapid shifts

3. Methods
3.1. Literature searching and allocation to Centre, country and
commodity
We searched the Scopus abstract and citation database (https
://www.scopus.com) for all peer-reviewed publications produced by
CGIAR scientists over the period January 2010 to April 2020. We
restricted the search to documents published after 2009; although shifts
between commodities in resource allocations have occurred over the last
30 years (Fig. 1), the structure of CGIAR was relatively stable during this
time, mostly reflecting the design and implementation period of the
Collaborative Research Programs (CRPs). We chose Scopus as the
reference database for two reasons. First, its coverage of the scholarly
literature is broader than other options (Wilsdon et al., 2015; Tomich
et al., 2019). Second, it allows the user to export author affiliations as
well as title, keywords, authors, the abstract, and number of citations
(up to the date of extraction). Records were extracted from Scopus using
Centre name. All papers were included that had at least one author from
one of the then-15 CGIAR Centres. The results from Scopus were
exported in text format and scripts written to allocate publications and
publication shares to the 26 commodities and to countries. Searching
was done in three stages. The search terms used are shown in the Sup
plementary Material, page 2.
The first stage was to generate files that listed eligible papers that
could be allocated to Centres, commodities and countries. For Centres,
the scripts (in compiled FORTRAN) searched the author affiliation fields
of the Scopus outputs, which contained one affiliation per line of the
record. For example, if a paper had nine authors and six different affil
iations, Scopus exported the affiliations in different lines. Searching was
done on the full Centre name as well as on the usual acronym (e.g.,
“IITA” and “International Institute for Tropical Agriculture”). Scripts
had to be adjusted as sometimes the Scopus record dropped a capital
letter or used both “Centre” and “Center” for the same organisation.
There are also examples of other non-CGIAR organisations with the
same acronym: CIFOR is a national forestry organisation in Spain as well
as a CGIAR Centre headquartered in Indonesia, and CIP is a biotech
3
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company in the UK as well as a CGIAR Centre headquartered in Peru, for
example. These records were weeded out manually. For Centres with
regional offices hosted at other Centres, the hosting Centres were
ignored in allocating each paper to the appropriate Centre. After several
iterations, 22,565 eligible papers were included in the analysis, “eligi
bility” referring only to the fact that each could be allocated to at least
one CGIAR Centre. Nearly 91% were single-Centre papers, and 9% were
multi-Centre papers, though most were with two Centres. There was one
paper with authors from 11 Centres.
To allocate each of the papers to one or multiple commodities, the
title and the paper’s keywords were searched. In Scopus, some papers
have both author keywords and index keywords; both types were
searched where they existed. At first, the abstract was also searched, but
this proved difficult to do accurately in the absence of a more sophisti
cated natural language processor. In almost all cases, searching the title
and keywords provided the information needed. Several iterations were
needed to do this reasonably accurately. For example, “bean” may refer
to “soybean”, “soy-bean”, “soy bean”, “faba bean” or “Phaseolus bean”,
and these had to be untangled. Of the 22,565 papers, 48% were allo
cated to one commodity, 8% to two or more, and 44% to no commodity.
The papers that had no mention of any of the commodities in the title or
keywords were dealt with as described below for stage 2.
To allocate each of the papers to one or more countries, a similar
procedure was used as for commodities: titles and keywords were
searched. As before, several iterations were required to do this accu
rately; for instance, the text string “sudan” may refer to “Sudan”, “South
Sudan”, or to “Sudanian Savanna”. Of the 22,565 papers, 56% did not
mention a country in the title or keywords, 39% mentioned one, and 5%
mentioned two or more. Papers were allocated to 145 countries in all.
In the second stage, to deal with papers that explicitly addressed no
commodity and no country, we proceeded as follows. The number of
papers for each Centre was counted, for which it was possible to allocate
to one or more commodities and to one or more countries (see Supple
mentary Material Figure SM1). There were 8955 of these single-Centre
papers. It was assumed that this would give a reasonable representa
tion of the breadth of commodities and countries that each Centre was
working with. Over the last decade, many Centres have increasingly
been pursuing a broader systems orientation in their work, and their
scientific publications may not be confined strictly to their mandate
crops. From this subset of papers, we defined the countries and com
modities that are “reached” by each Centre. For the remaining papers
that did not mention either commodity or country, the paper’s country
share was split pro rata between the countries of the sub-sample and its
commodity share between the commodities in the sub-sample. As an
example, more than 90% of AfricaRice’s papers were allocated to rice
(not surprisingly), but 3% of them concerned maize, either alone or in
addition to rice. For a paper from AfricaRice that did not mention rice
explicitly, 90% of the paper was allocated to rice, and 3% to maize (and
so on, for the other commodities). The same process was used to allocate
papers to countries for those that did not explicitly mention any country.
One of the main reasons for stage two of the allocation of papers was
to address the several Centres that do not have an explicit food com
modity focus, namely Bioversity International (agricultural biodiversity
research), CIFOR (forestry research), ICRAF (agroforestry research),
IFPRI (policy research) and IWMI (water research). The Scopus data set
included papers published by Bioversity, IFPRI and IWMI on each of the
26 CGIAR mandate products (thus giving a complete commodity dis
tribution that could be used to allocate papers to these Centres that did
not explicitly mention any of the mandate commodities). Some 60% of
the Scopus papers published by IFPRI, for example, mentioned at least
one commodity or at least one country or both. As well as some Centres
focussing on cross-cutting issues such as policy and water resources, all
Centres carry out some social science and policy research. We
acknowledge that our focus on commodities and countries may intro
duce some biases in allocating papers. However, as most papers from the
non-commodity Centres can still be allocated to commodities and

countries using our methods, this suggests that these biases may not in
fact be large.
Stage 3 of the process involved allocating all papers, single- and
multi-centre ones, whether they mentioned any countries and com
modities or not, using the allocations derived from stage 2. Results for all
22,565 papers found in Scopus are shown by Centre and by commodity
in Table SM2 in the Supplementary Material), by Centre and by country
(Table SM3), and by commodity and by country (Table SM4). Country
codes used are shown in Table SM1.
Paper citations were calculated by Centre, country and product in the
same way. The probability distribution of citations was found to be very
long-tailed (Table SM5), with ten of the top 12 cited papers being in the
field of nutrition. To address the imbalance that would result in using
the actual number of citations, we allocated them using a “cite factor”
based on the deciles of the citation distribution (Table SM6). At the time
of data extraction, some 17% of all CGIAR papers had not been cited at
all, and 23% had only one citation.
At the end of the third stage, and as a final check, we carried out a
series of random selections of 30 papers each and the allocation to
Centre, commodity and country was checked manually. Where we found
errors, we repeated the entire process (as shown in Figure SM1) until the
random selection of articles achieved 100% accuracy in allocation,
which occurred in the fifth iteration. Given the impracticality of
manually checking nearly 22,600 papers, some allocation errors may
still exist, but these are likely to be few.
3.2. Indicators of alignment with CGIAR strategic objectives
We used the strategy and results framework of the CGIAR as
formulated in 2011 (CGIAR, 2011) as the basis for selecting indicators
with which to compare the publication record from 2010 to 2020. This
framework was revisited in CGIAR (2015) and has recently been rede
veloped considerably with respect to the One CGIAR reorganisation
(CGIAR, 2021). For the period of the analysis, the elements of the
strategy and results framework remained similar, with four goals or
system-level outcomes being sought: reducing rural poverty, improving
food security, improving health and nutrition, and fostering sustainable
management of natural resources (CGIAR, 2011). Table 1 shows these
outcomes along with their rationale, as given in CGIAR (2011). Also
shown are examples from the possible impact pathways from science
outputs to outcomes as set out by Tomich et al. (2019). For simplicity,
we identified just one indicator for each of these outcomes to use in
subsequent analysis, for which global coverage at the national level was
complete or nearly complete. We acknowledge that these are proxy in
dicators only, and they do not comprehensively cover all the elements of
the outcomes. These were the following (Table 1).
Number of rural poor people. We used data of the Oxford Poverty
and Human Development Initiative (Alkire and Kanagaratnam, 2018),
which gives rural and urban population and poverty headcount break
downs for more than 100 countries. These data, for the most recent year
reported in the dataset (which ranged from 2006 to 2016), were sup
plemented with information from World Bank and OECD country pro
files, Crespo Cuaresma et al. (2020), and The Borgen Project (https://bo
rgenproject.org/). There were seven countries for which we could find
no disaggregated rural poverty data for any year; for these, we used the
national poverty rate and the percentage of rural population (i.e., we
assumed that rural and urban poverty rates were the same).
Prevalence of child stunting. We used data from the WHO’s Global
Health Observatory data repository (https://apps.who.int/gho/data/
node.main.CHILDSTUNTED?lang = en) on prevalence of stunted chil
dren aged under 5 years (percentage height-for-age more than two
standard deviations below the mean) as a proxy for food security status
at the national level. The data were for the year 2019. There are a few
countries for which this indicator does not exist.
Different food groups in national diets. We used national food
baskets for 2019 from FAO (www.fao.org/faostat) and assembled data
4
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Table 1
CGIAR system level outcomes and their rationale for the period 2010–2020 (from CGIAR, 2011), examples of possible impact pathways from science outputs to
outcomes (from Tomich et al., 2019), and the proxy indicators of each outcome used in this analysis.
Outcome

Rationale

Possible impact pathways

Indicator of alignment1

Reducing rural poverty

Agricultural growth through improved productivity, markets and incomes can be
an effective contributor to reducing poverty

Number of rural poor
people by country

Improving food security

Access to affordable food is a challenge for millions of poor people and it requires
increasing supplies of key staples and containing potential price increases and price
volatility

• Breeding and practice innovations
that increase productivity
• Innovations that help address
market imperfections & failures
• Innovations to minimize
production risks
• Food safety nets

Improving nutrition and
health

Poor populations suffer particularly from diets which are insufficient in
micronutrients affecting health and development, particularly in women and
children

Make-up of national
diets

Sustainable management
of natural resources

Improved management of natural resources is needed to ensure both sustainable
food production and provision of ecosystem services to the poor, particularly in
light of climate change

• Innovations that increase farm
enterprise diversification
• Breeding innovations that
increase the nutrient value of
staples
• Natural resource governance,
property rights, livelihoods
• National food and agricultural
policy

Percentage of underfives stunted

Vulnerability to climate
change

1. A fifth indicator was included in the analysis, annual national expenditure on agricultural research per 100,000 farmers (https://www.asti.cgiar.org), in view of the
importance of strong NARS-CGIAR partnerships for impact at scale, one of the key elements of the CGIAR’s Strategy and Results Framework throughout the impact
pathway from strategic and applied research, through piloting and innovation platforms, to scaling up and out (CGIAR, 2011).

Table 2. Between 10% and 28% of a Centre’s scientific output, defined in
terms of peer-reviewed papers in Scopus, was in collaboration with at
least one other Centre. The number of papers by commodity is shown in
Table 3 along with citation numbers. Between them, rice, wheat and
maize account for nearly one third of all papers and citations. Detailed
breakdown of number of papers by Centre, commodity and country can
be found in the Supplementary Material (Tables SM2-4).
Fig. 2 shows the relationship between the average number of Scopus
papers published by each Centre per year over the period 2010 through
the first third of 2020 and centre expenditure as reported for 2017.
Centre expenditure is a reasonably good predictor of number of Scopus
papers, by and large. On average, during this period the 15 Centres
published 2422 papers each year. If Scopus papers were the only sci
entific output of the centres (which of course is not the case), the average
cost per paper published would be nearly USD 384,000, although the
range among the Centres is wide: from USD 210,000 to USD 580,000 per
paper published.

on calorie and protein consumption per person per day for 123 coun
tries. So that we could compare these food baskets with CGIAR com
modities, we amalgamated data into four food groups: cereals (maize,
wheat, rice, sorghum, millet, barley), root, tuber and banana crops
(bananas and plantains, cassava, potato, sweet potato, yams), pulses
(groundnut, chickpea, pigeon pea, cowpea, dry bean, lentil, faba bean,
soybean) and animal products (cattle, sheep and goats, chicken, fish,
pigs, poultry, feeds).
Vulnerability to climate change. We used the ND-GAIN country
index for 2018 (Chen et al., 2015), which summarizes a country’s
vulnerability to climate change and other global challenges in combi
nation with its readiness to improve its resilience. The index combines a
country’s exposure, sensitivity and capacity to adapt to the negative
effects of climate change, with a measure of a country’s ability to
leverage investments and convert them to adaptation actions. The NDGAIN country index has been calculated and published each year from
1995 onwards. The index has been criticised as containing somewhat
arbitrary elements, although it performs comparably with other global,
national-level indicators related to climate change and development
(Miola and Simonet, 2014). It is widely used, with caveats, in the
literature (Chen et al., 2018) and we deemed it appropriate for this
analysis.
Annual expenditures on national agricultural research. We
included a fifth indicator, annual expenditure on agricultural research
by national agricultural research systems (NARS). The close relation
ships that CGIAR has developed with many NARS over time are critically
important to its effectiveness. The CGIAR’s strategy and results frame
work highlights the complementary nature of CGIAR and NARS in
vestments all along the impact pathway, from strategic and applied
research, through piloting and innovation platforms, to scaling up and
out (CGIAR, 2011). This indicator can be seen as cross-cutting as it
contributes to the four outcomes in Table 1. We used the annual national
expenditure on agricultural research per 100,000 farmers (million
constant 2011 PPP dollars) as a proxy, for the most recent year available
(in the range 2012–2017) in the ASTI database (https://www.asti.cgiar.
org/). These data cover 91 countries.

Table 2
Scopus papers published by Centres, January 2010 through April 2020: total and
multi-centre, and total number of Centre citations.

4. Results
Table 2 shows the total number of papers by Centre, allocated as
outlined in section 3 above. The total number shown exceeds the actual
number of papers because of allocation to multiple Centres. The number
of multi-Centre papers associated with each Centre is also shown in

Centre

Number

% of the
total

Number
with
other
Centres

% of Centre
total

Total Centre
citations

AfricaRice
Bioversity
CIAT
CIFOR
CIMMYT
CIP
ICARDA
ICRAF
ICRISAT
IFPRI
IITA
ILRI
IRRI
IWMI
WorldFish
Total

465
1074
1710
1745
2770
995
1311
1804
2379
2347
1931
2257
2197
1460
579
25,024

1.9
4.3
6.8
7.0
11.1
4.0
5.2
7.2
9.5
9.4
7.7
9.0
8.8
5.8
2.3
100

130
275
460
220
529
152
278
358
393
224
435
475
300
196
69

28.0
25.6
26.9
12.6
19.1
15.3
21.2
19.8
16.5
9.5
22.5
21.0
13.6
13.4
11.9

4,175
11,593
25,856
34,811
48,875
11,829
11,943
28,900
32,340
34,295
15,957
32,892
40,682
18,933
25,914
378,928

Note: numbers shown are counts for Centre authorship, including multipleCentre papers.
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highly significant (p < 0.001) (see Figure SM2 in the Supplementary
Material). There is substantial regional spread, however, which is shown
in Figure SM3 for ten regional aggregations and by country for each
region in Figure SM4 in the Supplementary Material.
The strong correlation between number of publications and the
number of rural poor per country suggests that CGIAR research effort
has been focused in appropriate countries, by and large, with respect to
the goal of fostering agricultural growth through improved productivity,
markets and incomes to contribute to reducing poverty along appro
priate impact pathways (Table 1). There appear to be some country
outliers – countries with fewer or more research publications than in
other countries with similar numbers of rural poor – but there may be
several reasons for this, such as a country’s instability or the legacy of
previous research capacity and infrastructure, for example. Neverthe
less, the analysis here is one step in identifying possible candidate
countries for ramping up AR4D activities to help prevent their falling
behind in efforts to achieve SDG 1 (no poverty). We acknowledge that
future AR4D portfolio planning could benefit from more sophisticated
analysis to investigate the links between research effort and poverty
reduction in specific contexts.

Table 3
Scopus papers published by Centres, January 2010 through April 2020, by
commodity: number and number of citations.
Commodity

Code

Number of
papers

% of total
papers

Number of
citations

% of total
citations

Banana &
plantain
Barley
Cassava
Cattle
Chicken
Chickpea
Cowpea
Dry bean
Faba bean
Feed
Fish
Groundnut
Lentil
Maize
Millet
Pigeon pea
Pigs
Potato
Rice
Sheep &
goats
Sorghum
Soybean
Sweet potato
Trees
Wheat
Yam
Total

BP

776.4

3.4

9237.0

2.4

BA
CS
CT
CK
CH
CP
BN
FB
FE
FI
GN
LT
MZ
ML
PP
PI
PO
RI
SH

361.1
733.2
1192.4
335.9
509.9
300.4
718.0
147.1
896.5
756.1
449.2
198.2
2161.5
526.6
262.4
451.1
724.1
2972.7
656.5

1.6
3.2
5.3
1.5
2.3
1.3
3.2
0.7
4.0
3.4
2.0
0.9
9.6
2.3
1.2
2.0
3.2
13.2
2.9

4651.5
9342.3
18,351.8
8535.4
8784.2
3204.2
12,424.6
1773.4
13,153.9
26,305.8
6930.4
2274.9
37,673.0
6837.7
3865.1
7340.5
10,085.4
50,808.6
8339.2

1.2
2.5
4.8
2.3
2.3
0.8
3.3
0.5
3.5
6.9
1.8
0.6
9.9
1.8
1.0
1.9
2.7
13.4
2.2

SG
SB
SP
TR
WH
YA

607.5
317.5
423.6
3790.3
2034.2
265.6
22,579.8

2.7
1.4
1.9
16.8
9.0
1.2
100.0

8343.8
5164.1
5785.5
70,086.1
36,685.0
3007.1
378,928.2

2.2
1.4
1.5
18.5
9.7
0.8
100.0

4.2. Publications and the intersection of rural poverty, malnutrition and
under-funded NARS
Fig. 3A and 3B show publication number by country against child
stunting prevalence (as a proxy of food and nutrition insecurity) and the
number of rural poor (panel 3A, 132 countries) and national research
expenditure USD per 100,000 farmers (panel 3B). The relationship be
tween the number of publications and child stunting prevalence is sta
tistically significant but considerably weaker than that between number
of publications and the number of rural poor per country (these are
reported in the caption of Fig. 3). CGIAR publications tend to be
concentrated in countries with both large numbers of rural poor and
high stunting prevalence (Fig. 3A, 85 countries), although there are
several countries in the top right-hand part of the figure that might be
said to be under-represented in the publication record. By the same
token, some countries in the lower right-hand part of the figure are
perhaps over-represented. The absence of countries in the top left-hand
of Fig. 3A (relatively few rural poor and high rates of stunting) is
noteworthy. Access to affordable food remains a challenge for many
millions of poor people, and the impact pathways to which AR4D can
contribute, such as minimizing production risks and provision of food
safety nets (Table 1), may need many other elements too, if beneficial
food access outcomes and impacts are to be achieved (Blesh et al., 2019).
With respect to the relationship between stunting prevalence and
national research system expenditure, Fig. 3B suggests a strong negative
correlation between the two, with increased NARS research expenditure
being associated with reduced levels of malnutrition. From our analysis
here, not much can be said about causality, but the result is highly
suggestive, nonetheless, in view of the large literature on the relation
ship between agricultural R&D and development metrics such as
poverty reduction (De Janvry and Sadoulet, 2010) and nutrition (Gil
lespie and van den Bold, 2017), for example. The relationship between
number of CGIAR Scopus papers and levels of malnutrition is not as
strong, with the great majority of Scopus papers focussing on countries
that fall within the midranges for national research expenditure and
stunting prevalence. With respect to the number of papers, Fig. 3B
highlights some outliers: Nigeria for one, which also bucks the trend in
having a high level of research expenditure but still substantial levels of
malnutrition. Fig. 3B reflects some uncomfortable questions, though: for
example, despite decades of high ODA (Official Development Assis
tance) investment in countries such as Ethiopia, Tanzania and Malawi,
malnutrition remains high and national research expenditure low. Other
countries in the same situation, such as Mozambique, Madagascar,
Burundi and Chad, reflect what may be considerable under-investment
in agricultural research. There are many reasons for such under-

Note: numbers shown are split across multiple commodities where appropriate
(see text for details) so are not necessarily integers.

Fig. 2. Average number of Scopus publications per Centre per year
(2010–2020) as a function of 2017 Centre expenditure. Linear regression shown
in yellow.

4.1. CGIAR publications by country and the number of rural poor
We examined the relationship between the number of rural poor per
country and the number of CGIAR publications (2010–2020) for the 132
countries for which we were able to estimate rural population size. The
thirteen countries excluded in the analysis accounted for only 30 pub
lications. There is a strong positive relationship between publication
number and number of rural poor by country, which is statistically
6
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Fig. 3. Number of CGIAR Scopus publications by country (2010–2020) in relation to child stunting prevalence and the numbers of rural poor (Panel A, top) and in
relation to child stunting prevalence and national research expenditure per 100,000 farmers (Panel B, bottom). Country codes are show in the Supplementary
Material, Table SM1. Note: Linear regression of A (number of Scopus publications) on S (stunting prevalence, %): Ln (A) = 0.017 * S + 1.23, r2 = 0.073, p < 0.01
Linear regression of A on R (number of rural poor): Ln (A) = 0.603 * Ln(R) – 2.26, r2 = 0.480, p < 0.01.
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investment, including the effects of civil unrest, war and social dislo
cation, for example. Whatever the reasons for this under-investment and
under-study, these are noteworthy gaps in the country portfolio. As for
SDG 1 (no poverty) in section 4.1 above, the analysis here can constitute
a preliminary step in identifying possible candidate countries for
ramping up or rebalancing AR4D activities with respect to their efforts
to achieve SDG 2 (no hunger).

potential protein “coldspots” (areas with a likely deficit in future) in
countries where national diets are heavily dependent on protein sources
that are projected to suffer yield and nutrient density decreases as a
result of climate change. An example is Uganda: currently, beans and
maize make up 20% and 18%, respectively, of national protein supply;
both these crops may see yield reductions of 20% or more to mid-century
because of climate change (Ramirez-Villegas and Thornton, 2015).
Commodities that can replace or supplement protein supply (and farm
income) will almost certainly be needed as a result. Country-level
comparisons may also be useful from the perspective of AR4D that
seeks to promote healthy and nutritionally-balanced diets, for instance
through increasing dietary diversity in both rural areas and in rapidlyurbanising societies.

4.3. Publications and the ND-GAIN country index
With respect to the number of Scopus paper and the ND-GAIN
Country Index for 2018 for 136 countries, three things stand out
(Figure SM5 in the Supplementary Material). First, there is no statisti
cally significant correlation between the two variables at the 5% level.
This is perhaps to be expected, given that the ND-GAIN Country Index
covers a broad range of readiness variables that describe a country’s
business, governance and social environments. Second, there is a group
of countries with a large output of scientific publications coupled with a
low readiness index for addressing the future challenges posed by
climate change. For some countries such as Ethiopia and India, the
country index has remained the same or increased slightly since 1995.
For others such as Kenya, Madagascar, Malawi, Mozambique, Tanzania
and Uganda, their ND-GAIN country index has actually declined since
1995. This suggests that there may be challenges in translating research
outputs to effective action on the ground. Understanding what these
challenges have been, and perhaps developing modified, nationallyappropriate theories of change to address them in future, would seem
to be a priority action.
Third, there is a group of countries with low readiness and limited
research outputs with which to inform national and local investment
priorities. The country index for many of these countries has also
declined since 1995 – Chad, Eritrea, Somalia, Lesotho, Eswatini and DR
Congo, for example – but it appears that the local science base on which
to draw is quite limited, and this may hamper efforts to effectively pri
oritize investments and action to address agricultural development
challenges.

5. Discussion & conclusions
Commitment to the SDGs represents a turning point with profound
implications. Achieving the goals not only implies reforming existing
production and consumption to create step changes in economic per
formance, but it also demands step changes in social and sustainability
performance as central pillars of the restructuring process. Enabling the
necessary shifts along these different axes requires wide-ranging tech
nical, institutional and policy change for the emergence of fundamen
tally different consumption and production systems (Steiner et al., 2020;
Herrero et al., 2020b; Barrett et al., 2020) and research priorities. This
evolution and broadening of the framing demanded by the sustainable
development agenda suggest a form of innovation that embeds social
and environmental concerns, involves new patterns of governance and
coalitions of interest, draws from a range of existing and diverse
analytical and policy frameworks, and demands proactive public sector
leadership and investment (Hall and Dijkman, 2019). The magnitude
and rapidity of the performance changes needed to supply growing
amounts of safe and healthy food and to support rural livelihoods, whilst
at the same time reducing resource use and environmental footprint, are
daunting, but not impossible.
Our analysis indicates that at the regional level, there is a reasonable
fit between the numbers of rural poor people and CGIAR research effort,
as measured by number of Scopus publications. Within each region,
countries are widely spread, and regional differences in the relationship
are substantial. We found that CGIAR publications tended to be
concentrated in countries with large numbers of rural poor and high
stunting prevalence (Fig. 3A), albeit with some outliers of both underand over-representation. We demonstrated strong negative correlation
between stunting prevalence and national research system expenditure
(Fig. 3B), indicating that increased research expenditure is associated
with reduced levels of malnutrition, on average. In contrast, we found no
statistically significant correlation between the number of Scopus papers
and the ND-GAIN Country Index (a combination of a country’s vulner
ability to global challenges and its readiness to improve its resilience).
We compared the proportion of publications on cereals, RTB crops,
pulses and animal products in Centres’ national publication records with
the proportion of these food groups in national food baskets, at the
regional level (Fig. 4). Across regions, some 30% of all calories and
about 15% of all protein in national food baskets come from sources that
are not part of CGIAR’s current mandate, such as fruit and vegetables.
From the results, we identified three specific issues that warrant
attention. These issues may be relevant to the reorganisation and reor
ientation of CGIAR into One-CGIAR that is currently underway and the
associated opportunity to rebalance the country and commodity port
folio. First, there are several countries with both relatively high rates of
expenditure on agricultural research and relatively large publication
records, coupled with a low (and in some cases declining) readiness
index for addressing the future challenges posed by climate change and
other global issues. As indicated above, part of the reason for this may be
the historical and continuing difficulties in translating the published
outputs of research into effective action on the ground at scale. The

4.4. Publications and calories & protein in national diets
A comparison of the proportion of the five food groups (cereals;
pulses; roots, tubers and bananas; animal products; and others) in na
tional food baskets with the proportion of Scopus papers covering
ostensibly the same food groups is shown in Fig. 4, in terms of both
calories (Panel A) and protein (Panel B). All dietary components that are
not CGIAR mandate crops such as fruit and vegetables are shown as
“other”, and the Scopus paper proportions were scaled accordingly.
Taking Central Africa as an example, there are four countries that have
national food basket data in FAOSTAT. The average proportions,
weighted by population, of the different food groups in these food bas
kets are shown in the top of Fig. 4A; 30% of calories come from the
“other” category. On average, 12% of the Scopus papers that were
published by CGIAR centres on six countries of the Central Africa region
addressed cereals, while FAOSTAT indicates that on average 36% of
calories are from cereals. For the same region on a protein basis, the
patterns are relatively similar: 35% of protein comes from cereals, and
13% of CGIAR papers addressed cereals, when scaled to protein intake.
It is worth noting that for 2013, the most recent year in the dataset of
Ritchie and Roser (2017), we estimated that CGIAR commodities made
up 81% of the calories in the average “global diet”; though if alcohol and
sugar and other sweeteners are omitted (which make up 13% of the
global diet), then CGIAR commodities account for 93% of calories.
We recognise that even if CGIAR focused 100% on the foods that
people consume, this would not necessarily imply full alignment with
the goal of improving nutrition and health (Table 1). Nevertheless,
country-level comparisons on a protein basis may be useful for several
purposes, depending on the outcomes sought. These include identifying
8

P. Thornton et al.

Food Policy 107 (2022) 102196

Fig. 4. Proportion of CGIAR Scopus publica
tions by commodity group (2010–2020) and
the proportion of those food groups in FAO
national food baskets, compared on a regional
basis. CAF Central Africa; CAM Central Amer
ica; EAF East Africa; EAP East Asia & the Pa
cific; SA South Asia; SAF Southern Africa; SAM
South America; SEA South-east Asia; WAF West
Africa; WANA West Asia & North Africa. Panel
A: on the basis of calories in the national food
basket, Panel B: on the basis of protein in the
national food basket.
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reasons for bottlenecks between research and uptake may be many, but
revisiting and possibly modifying the theories of change that address
local conditions and contexts in these countries so that the bottlenecks
can be addressed in future would appear to be a priority action. To that
end, Hall and Dijkman (2019) suggested that the CGIAR consider four
new narratives to frame critical areas of its activities and role: i) a new
scaling and impact narrative that adopts an agri-food system innovation
perspective; ii) a new partnership and value network narrative that
emphasises commitment to advancing the sustainable development
agenda; iii) a new social licence narrative that proactively addresses
issues of social acceptability and the need to create a platform to host
these discussions; and iv) a new science narrative that accommodates
transdisciplinarity and the role of social and systems sciences in the
innovation process.
Second, there are several countries with a low readiness index; in
several cases, as noted in section 4.3 above, the readiness index has been
declining over time. Some of these latter countries, such as Mozambique
and Madagascar, also have a relatively small publication record and
relatively low levels of research expenditure (Fig. 3B). It may be difficult
for such countries to effectively prioritize investments and action to
address agricultural development challenges, and thus could be candi
dates for more targeted AR4D investment in future. Under-investment in
agricultural research and worsening readiness to address the challenges
suggest serious problems that both international and national agricul
tural research for development organisations could be in a strong posi
tion to help rectify. The new One CGIAR investment strategy (CGIAR,
2021) could actively contribute to redirecting funding flows towards the
new partnerships, innovation systems and research modalities that will
be needed if food systems are to be transformed (Baranski and Ollen
burger, 2020; Klerkx and Begemann, 2020; Stringer et al., 2020). As
noted above, public-domain information such as ASTI does exist but it is
currently insufficiently granular. We return to this below.
Third, at an aggregated level, there are substantial proportions of
countries’ diets, in terms of calories and protein, that CGIAR research
has not addressed in the past. The absence of fruit and vegetable
research, for example, is particularly noteworthy, reflecting a longstanding imbalance in agricultural research investment in general
(Keatinge et al., 2011; Haddad et al., 2016). With an increasing focus on
food systems in R&D, there is a compelling case to be made for much
greater attention to both the production and the consumption of more
balanced, nutritious diets (Willett et al., 2019). Whether research or
ganisations such as One CGIAR should in future expand or modify their
mandate in response, or whether they should seek new alliances and
research partnerships with other organisations to address such issues,
are questions beyond the scope of this viewpoint paper. In any case, the
critical importance of partnership and engagement is clear: in the
absence of silver bullets and one-size-fits-all solutions, setting actions
and interventions in local contexts can only be done effectively and
efficiently via concerted effort involving broad coalitions of develop
ment actors. These include the international and national agricultural
research and extension systems, the private sector, and the NGO and
disaster risk management communities.
We undertook the work here with the aim of estimating where and
on which commodities agricultural research resources have concen
trated in the recent past, using CGIAR as a case study. We acknowledge
weaknesses of the methods used. First, peer-reviewed publications in the
literature are but one output of science. Although there is a strong
correlation between numbers of Scopus papers by CGIAR Centre and
Centre expenditure, a considerable amount of agricultural research and
development activity may not be fully captured with such a metric.
Examples would include capacity development and engagement efforts
(Vermeulen and Campbell, 2015), indirect spill-over effects from in
formation and technology development and implementation in one
place to other places, and regional and global policy research, for
instance, as well as the publication record of other research organ
siations. Second, there is a considerable legacy in the fifty years since

CGIAR was founded in hard infrastructure and country focus. This is not
surprising, in view of the breeding and agronomic focus of CGIAR’s
original vision. This legacy persists in the country profile of the recent
publications record: just six countries account for nearly 40% of all
CGIAR Scopus papers since 2010 (Bangladesh, China, Ethiopia, India,
Indonesia and Kenya).
Despite these weaknesses, we argue that such analysis is still useful.
Segmented national and organizational research investment data allow
the identification of possible gaps in commodity coverage and help to
target potential mismatches between future challenges and current na
tional and international research foci. The “hotspots” of poverty, dietary
inadequacy and climate-related insecurity may change with increasing
speed. Investment data could be used to rapidly identify protein and
micronutrient hotspots and coldspots at higher spatial resolution than
presented here, based on local diets under different climate change
scenarios, linked to current knowledge about likely future changes in
staple crop suitability (Manners and Van Etten, 2018), for example. We
know where some of these hotspots are likely to be located. The chal
lenge is then to ensure that international and national agricultural
research for development efforts are covering the bases adequately, so
that livelihoods and diets can be sustained and improved, even as global
population swells to (and possibly peaks at) just under 10 billion people
by mid-century (Vollset et al., 2020). Although we have not done this in
the analysis reported here, similar analysis could highlight situations in
which food systems might need to provide improved nutritional di
versity to local populations in ways that meet environmental sustain
ability objectives as well as adaptation and mitigation targets.
Such analyses would be greatly facilitated, and could be made
considerably more nuanced than those discussed here, if there were
publicly-available, disaggregated and regular data on financial alloca
tions of public agricultural R&D and development indicators. This
would seem to be a prerequisite for justifying fund allocation and its
alignment to current and future sustainable dietary requirements in
regions and countries. This could also facilitate an analysis of research
publications from other national and international organisations, which
would allow a more comprehensive view of the alignment between
AR4D visions and reality in specific countries. Given the likely pace of
future technical innovation in food systems, if we are to have any chance
of meeting the SDGs on time (Herrero et al., 2020a; 2020b; Barrett et al.,
2020), actionable data with which to evaluate innovation in agri-food
systems would seem to be crucial for making agricultural research in
vestment portfolios better fitted to an extremely dynamic environment.
An international initiative targeting the development of a balanced
global public, private and tertiary sector agricultural research invest
ment agenda that is both responsive to a range of current needs and that
anticipates the future seems a logical next step. The collation of annual
expenditure data would greatly facilitate this. One CGIAR already has a
platform set up (see https://www.cgiar.org/dashboards) with some
aggregated financial information, and this could be greatly expanded,
perhaps via links with ASTI, as the mission of One CGIAR continues to
evolve in response to the calls for food system transformation (Klerkx
and Begemann, 2020). There is also the possibility of focussing “big
data” initiatives, including activities under One CGIAR’s Big Data plat
form (see https://bigdata.cgiar.org/) on in-depth analyses of how the
research portfolio addresses specific agricultural R&D challenges in
LMICs, such as the location and characterisation of sustainable diet and
food security hotspots.
Nimble agricultural research resource allocation will ultimately
depend on appropriate metrics that link research expenditures, outputs
and development impacts, and that can be measured relatively easily
and quickly. This is proving to be a tough ask. In the context of the UK
University Research Excellence Framework, for example, the relation
ship between research excellence and societal impact overall is fairly
weak and heavily dependent on the research area (Woolley and
Robinson-Garcia, 2017). Research outputs may contribute to develop
ment impacts through a wide range of different pathways involving
10

P. Thornton et al.

Food Policy 107 (2022) 102196

many different actors (Gaunand et al., 2015; Temple et al., 2018). If
bibliometrics alone is unable to make robust, critical connections be
tween research outputs and impact (Wilsdon et al., 2015), there may be
opportunities to combine bibliometric approaches with social media
data that can map communication and interaction patterns (Noyons and
Ràfols, 2018).
Such work is greatly needed. That our food systems are facing farreaching and radical change is beyond doubt: one need look no
further than burgeoning private-sector investment in alternative protein
sources in livestock feed and human diets (one estimate is that alter
native meats will make up 60% of the global market by 20403). Food
system transformation beckons (Herrero et al., 2020b; Barrett et al.,
2020), but we must ensure that progress is equitable. What such trans
formation will mean for international and national agricultural R&D and
both rural and urban poor in LMICs, is still very much to be determined.
There is an enormous opportunity for highly-responsive and welltargeted agricultural research for development to help guide this
transformation for the global good, and for One CGIAR to maximise its
input into an agricultural science agenda that serves contemporary
global development ambitions.
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