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Foreword

Through a number of resolutions and
decisions made by the Heads of State and
Government, the African Union has always put
research and innovation in front of its
development agenda. @ Among these
resolutions: The Comprehensive Africa
Agriculture Development Programme
(CAADP) and The Malabo Declaration in 2014.
These resolutions made of agricultural
research, technology dissemination and
adoption a priority and a component closely
linked to eradicate hunger in Africa.
Additionally, the Science, Technology and Innovation Strategy for Africa
(STISA-2024) forms a continental framework for accelerating Africa’s transition
to an innovation-led, knowledge-based economy within the overall framework of
the AU Agenda 2063.

Ever since its establishment in the nineteen seventies, AU-SAFGRAD has been
anchored to its mandate of advancing the Agricultural Research and
Development Agenda on the continental level. Many key achievements have been
made to increase the crops production and productivity as well as to build
livelihood resilience of farms by using appropriate policies and programmes.

Agricultural Research and Development (R&D) in Africa are primarily funded by
national governments and donors with variations across countries. There is no
"SE E ESVE V'AEAA®R®— ESE Lé 3V E®R—CEA v®™ i®
will contribute to achieving accelerated gains in productivity advancing
agriculture. Moreover, work and collaboration have to be achieved by global,
continental, regional, and national R&D players to enhance coordination, support

and to promote cross country collaborative R&D to reduce duplications and
enhance complementarities.

Vii



S3eA LE%*AE ,Ae®—A Vv,°EE ESE -E® e®— 3%E®3®A
system in the African Union Member States with regards to the proportion of
AgGDRP to be allocated for research. It also attempts to depict the best funding
scenarios in correlation with countries macro-economic settings and agricultural
production landscape. This report was endorsed by the Specialized Technical
Committee (STC) on Agriculture, Rural Development, Water and Environment
(ARDWE) in their Fourth Ordinary Session, 13th — 17th December 2021 that was
noted by the African Union Executive Council (EX.CL/Dec.1144(XL).

| would like to express my appreciation to ASTI/IFPRI the organization that was
commissioned by AU-SAFGRAD to produce this report. It is my pleasure to
recommend this report to all agricultural actors and planners at all levels of
"TEUE3%-E®E UxrES -4 3% E E3 e®A%EAE -3AE Eifx
agricultural sector.

H.E. Amb. Josefa Sacko

Commissioner for Agriculture, Rural Development,
Blue Economy and Sustainable Environment
African Union Commission
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Executive Summary

Agricultural research and development (R&D) investment is positively associated
with high returns, but these returns take time—often decades—to develop.
Consequently, the inherent lag from the inception of research to the adoption of
new technologies calls for sustained and stable R&D funding. In 2016, Africa
invested just 0.39 percent of its agricultural GDP (AgGDP) in agricultural R&D,
down from 0.54 percent in 2000. Even though in absolute terms total R&D
investment has increased since the turn of the millennium—after a period of
stagnation—most of the funds have been directed toward research staff
expansion, salary increases, and rehabilitation of derelict research infrastructure
and equipment, rather than actual research programs. In fact, in a large number
of African countries, the national government funds the salaries of researchers
and support staff, but little else, leaving nonsalary-related expenses highly
dependent on donors and other funding sources.

Although African leaders recognize that agriculture is a critical engine for
economic development, job creation, and poverty reduction, countries are still
underinvesting  considerably  in  agricultural  research.  Continued
underinvestment will constrain long-term agricultural productivity growth and
ESE fvvfeEa 3— f3EREAEA E3 "EUE 3% UV EE f3\
broader range of commodities, reduce poverty, and ensure food security. To
address agricultural production challenges more effectively, governments need
to substantially raise their agricultural research investment levels in the coming
years, while donor funding needs to be better aligned with national and regional
priorities. The private sector is still a relatively untapped source of funding for
agricultural R&D. To provide much-needed higher and sustainable levels of
funding into the future, innovative mechanisms need to be explored that tap into
private funds for research on a broad range of commodities.

Funding for agricultural research not only needs to increase, but also be targeted

more directly to priority areas. Given the relatively long lag between investing in
AEAEVAFS v AEV%®E®— ®EA E®EIEAr ESE "Ef:
allocation of their agricultural research resources today will have profound
implications on agricultural productivity for decades. The forward-looking
projections presented in this report can support countries in assessing the risks

and potentials of different research investment scenarios, and in establishing
long-term research priorities and investment allocations that align with national

and regional development and innovation plans.



This report presents evidence that economies of scale and scope are critical
drivers behind the performance of agricultural R&D systems, emphasizing the
critical importance of R&D collaboration and coordination among countries.

Small countries generally record much lower returns to agricultural R&D
compared to their larger counterparts, and their R&D efforts have been less
effective in reducing poverty and malnutrition, two of CAADP’s main goals.
Further integration of agricultural R&D at the sub-regional level is therefore
EAAE®E®vV e VA ®E v'"3UA AfVAfE Lé AEAEAfEA
v '3UA f3ER®EAeEA UxrES "e-cEE" "3-EAEcef AEAEV/
achieved in countries with more developed R&D systems. Continued support to
AE—@3®v’ ,2"ceEAce ®EEU3A8§A®e Vv® " -EfSvRreA-A
implementing, and funding a research agenda focused on issues of regional
interest. Better coordination and a clear articulation of mandates and
responsibilities among national, (sub-)regional, and global R&D players are key in
ensuring that scarce R&D resources are optimized, research duplication
minimized, and synergies and complementarities enhanced.
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1. Introduction and Policy Context

Agriculture is the single most important economic activity in Africa by far. The
sector provides employment to roughly two-thirds of the continent’s labor force

and it contributes between 30 to 60 percent of African countries’ gross domestic
product (GDP), on average (FAO 2021, World Bank 2021). The vast majority of
African farmers are smallholders. Productivity of these smallholder farms,
however, is low compared to other developing regions, and this has perpetuated
rural poverty throughout the continent. Rapid population growth, deteriorating
soils, climate change, volatile food prices, and the recent COVID-19 pandemic are
all adding further pressure on agricultural production and food security across
Africa.

Within the next 15 years, an additional 400 million people will enter the African
labor force (ILO 2021) and the continent’s agri-food sector will need to absorb the
bulk of these new entrants. African leaders recognize that agriculture is a critical
engine for economic development, job creation, and poverty reduction. In 2003,
the African Union Commission (AUC) launched the Comprehensive Africa
Agriculture Development Program (CAADP) that laid out a vision towards 6
percent annual growth of the agricultural sector and an allocation of at least 10
percent of public expenditures to agriculture. Through its Pillar IV, CAADP
emphasized the essential role of agricultural research and development (R&D),
technology dissemination, and adoption. In 2014, the African Union (AU) member
AEVEEA AEf3®IA-E"~ ESE®xA | f3--eE-E®EA ,a
Declaration on Accelerated Agricultural Growth and Transformation for Shared
Prosperity and Improved Livelihoods. This Declaration provides direction to
transform the agricultural sector within the broader CAADP framework and is an
important vehicle to achieve the objectives of the First Ten Year Implementation
Plan of Africa’s Agenda 2063, which is an essential policy initiative that helps AU
member states achieve agriculture-led growth, halving hunger and ending
poverty by 2025, boosting intra-African trade in agricultural goods and services,
enhancing resilience to climate variability, and increasing public and private
investment in agriculture.

Across Africa, agricultural growth will be highly dependent on technological

vV UVRfE-E®E E3 E®V, E acE"~ e®fAEVAEA® -3AE C
and a reduction in crop losses. Investments in agricultural R&D are critical in this
regard.
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productivity and support sustainable agricultural growth and transformation in

Africa, which in turn have an important impact on employment, stability, and
peace. Extensive evidence indicates that agricultural R&D has had a tremendous
impact on agricultural productivity around the world (World Bank 2007; IAASTD
2008). Despite this well-documented evidence, many African countries continue

to underinvest in agricultural R&D. Given the substantial time lag between
investing in research and reaping its rewards—which is typically decades, not just
AEVAAIYV —AfE'EEAV AEAEVAfS AE(E®AEA v "3®@—
levels of sustained funding. Recognizing this, the AU Science, Technology and
Innovation Strategy for Africa 2024 (STISA-2024) and the Science Agenda for
Agriculture in Africa (S3A)—both of which are very closely aligned with CAADP and

the Agenda 2063—have put agricultural science, technology, and innovation at

the forefront of Africa’s socio-economic development and growth.

Tracking, monitoring, and reporting on advancements towards achieving the
CAADP and Malabo goals and targets are key to measuring progress over time and
to holding countries accountable for delivering on their agricultural growth and
transformation commitments. A Biennial Review (BR) process of the AUC
evaluates country performance against 24 performance categories and 47
indicators. One of these indicators is “total agricultural research spending as a
share of AQGDP”. The AU’s New Partnership for Africa’s Development (NEPAD), for
instance, has set a target for government spending on agricultural R&D of at least

1 percent of agricultural GDP (AgGDP), in line with the 2007 AU Assembly
commitment to allocate at least 1 percent of overall GDP to R&D (African Union
2007). Over the past two decades, the International Food Policy Research
Institute’s (IFPRI's) Agricultural Science and Technology Indicators (ASTI)
program has collected detailed data on African agricultural R&D expenditure and
funding levels at regular intervals, thereby providing an important input into the
AUC’s BR process.

This report assesses trends in agricultural R&D investment, funding, and human
capacity in Africa over time, based on ASTI data. It analyzes the continent’s and
individual countries’ agricultural R&D intensity ratios and proposes an alternative
multi-factored indicator that takes a broader set of variables into account to
better assess a country’s capacity to invest in agricultural R&D. The report also
provides various forward-looking investment scenarios that are based on
different investment growth targets and it assesses the long-term impacts on
agricultural productivity growth for each of these scenarios.



2. Institutional Context of African Agricultural R&D

With the exception of a handful of large countries like Egypt, Nigeria, and South
Africa, and a number of mid-sized countries, most national agricultural research
systems (NARSS) in Africa are quite small, but they tend to focus their research on

the same range of issues as their larger neighbors, thereby often exceeding the

limits of their capacity. As a result, these smaller systems mostly conduct
research focused on adapting technologies developed elsewhere to meet their

local needs. Spillovers of relevant technologies from larger neighboring countries

tend to be limited because many of the small countries are clustered togeth&l.

Most African NARSs are also heavily fragmented in terms of the number of

e® eU®eEv'  V—E®feEA 23—-EE® UrESEE UE""°"EI®
R&D, and this has hindered the effective use of the available resources. More
cost-effective structures that minimize duplication and promote synergy and
complementarity (both within and across countries) are needed to enhance the
EifeE®fa VB™ E-—-EfEUE®EAA 33— -v®a -A®fv® : L
3— fASAA°f3E®EAA ",ceUEAAxEA®e ®®E A "eifE'E E3 —
NARSSs, but most systems typically comprise a national agricultural research
institute (NARI); a number of smaller government agencies; a series of higher

E EfVE®R3® V—E®feEAZ VR~ ® A3-CE fVAEA® 3®E 3A
(such as nongovernmental or producer organizations) (Figure 1). The role of the
%AeUVEE 2-3A°%A3E« AEfE3A ® VvV—A®fE"EEAV" A
countries.

NARIs across Africa are set up in several ways: i) as a research department within

a ministry of agriculture or equivalent; ii) as a semiautonomous government
®®AE®REEEE U®rES ESE dEaek,e"®eEad E? "EEEA-e®C
V—E®feEA aUxrES®E® 3®E A -3AE v—A®RfE EEAV °AE
agricultural subsectors, such as agriculture, livestock, and forestry; and iv) as
numerous institutes organized under a council of agricultural research. Although

the NARIs’ share in national agricultural R&D capacity has declined over time, they

still anchor most NARSSs in Africa.

In West Africa, CORAF/WECARD has tried to address this by establishing National Centers of
Specialization and Regional Centers of Excellence, with varying degrees of success and major
challenges in realization

3



Figure 1—Institutional composition of agricultural research, 2016
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education sector.

Overall, the number of higher education agencies in many countries has grown

over the time through the creation of new universities or new departments and
faculties within existing universities. This development has provided many

L, E®REIEAx §8E4 v-3®@— ESE- vO =®fAEVAE ®® ESE ®FE
researchers and increased training opportunities. The downside of the increase,
however, is an accelerated fragmentation of NARSs. Nonetheless, research
performed by the government and higher education sectors tends to be
somewhat complementary, with universities focusing on more basic types of
research, and government research agencies mostly concentrating on applied
research and the development of new technologies and processes. Many
agencies in both the government and higher education sectors continue to face
numerous challenges in terms of the scope and quality of their infrastructure,
including poor (or lacking) laboratory space and equipment, farm equipment,
UESef EAe vR" —E® A —3A 3®@°TE"" AGAEVAfS EAcv £
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institutions are often funded through levies on production or exports. Although

the sector only accounted for a very small portion of the continent’s public

v—AefE'EEAV: AGAEVAfS ® nimre ecE -E"1""A v® e
3__EAA v IEE®E®eV' VAEV -3A —A3UES ®® -v®a 3E3C
research is extremely limited in Africa, with the exception of South Africa. Private
companies mostly outsource their R&D to the public sector rather than perform
research themselves, but this too is a potential growth area through which NARIs

can generate revenue.

Box 1. The Allocation of Research Resources across Commodities



Linkages between research agencies are often suboptimal due to the
aforementioned fragmentation and a lack of coordination mechanisms. Linkages
are also inadequate between agricultural research and extension providers
caused by severe underinvestment in both sectors as well as frequent changes in
extension modalities. Finally, agricultural research agencies are often poorly
connected to other principal actors in the countries’ agricultural innovation
systems (AIS), including policymakers, farmers, traders, and processors.
Strengthening such linkages will not only require advancement of innovative
capacities and skill sets at the research agencies, but also the establishment of
different institutional modalities such as innovation platforms and brokers
(Roseboom and Flaherty 2016).




This will ultimately lead to an increased effectiveness in the use of technologies
and knowledge generated by the research agencies and a wider dependency on
the innovative capacity in the broader agricultural sector, acknowledging that
agricultural research is only one of the actors in AIS (Lynam et al. 2016).

African agricultural research remains for the most part structured around
geographic boundaries. However, given that many African countries share
agro-ecological conditions, structuring agricultural research at the pan-African
level around agro-ecosystems would make a lot of sense. This would reduce
duplication of research effort and enhance the overall effectiveness and impact

of agricultural R&D. Cross-country collaboration across NARSs and their
integration into broader AIS is facilitated through four sub-regional organizations
(SROs), the Forum for Agricultural Research in Africa (FARA), CGIAR centers, and
various other organizations and initiatives. The SROs and FARA—all of which are
highly dependent on unstable donor funding—do not conduct research
ESE-AEUEA® ,EE ®AEEV™ %A3-3EE ESE f3® EfE 3—
research and innovation by their members. They also attempt to strengthen
coordination and collaboration among NARIs.

3. Trends in Long-Term Agricultural R&D Spending

Following a period of slow growth in the 1980s and 1990s, Africa’s agricultural
AEAEVAFS AVE®R ®®—3EA4f E"®®— ESE %ArUVEE -3
the turn of the millennium (Figure Zﬂ This growth in investment, however,
stemmed primarily from salary increases for research staff, rehabilitation of
derelict research infrastructure and equipment (not in the least as part of large
World Bank-funded initiatives), and stronger involvement in agricultural research
activities by the higher education sector due to the sector’'s capacity expansion.
Although these are important investments, they have not been complemented
with additional allocations to basic and adaptive research programs. In many
African countries, funding for actual R&D activities is extremely low and
dangerously dependent on often volatile, external funding sources.

Recent ASTI data also demonstrates that the period of sustained growth in R&D
spending (that is salary, operating, and capital costs) since the turn of the
millennium has ended, at least for the time being. Between 2014 and 2016 (the
most recent year for which ASTI data were available for Africa), continentwide
agricultural research stagnated

PPPs measure the relative purchasing power of currencies across countries by eliminating national

differences in pricing levels for a wide range of goods and services. See ASTI's methodology for more
information: https://www.asti.cgiar.org/methodology.
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It is too premature to tell if this was an anomaly or an early sign of a longer-term
trend. What is certain, however, is that spending declines were broad-based:
Seventeen of the 35 countries in Africa south of the Sahara (SSA) for which
long-term ASTI time series data were available reported cuts in their agricultural
R&D expenditures over the 2014-2016 period. This raises important concerns,
given the multitude of challenges the African agricultural sector is facing.

Figure 2—Long-term agricultural research investment trends in Africa, 2000-2016
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In 2016, the continent as a whole spent $3.4 billion on agricultural research, in
2011 PPP pric&. Spending is heavily concentrated in some the larger countries
(Figure 3). Egypt ($682 million), Nigeria ($445 million), and South Africa ($346
million) combined accounted for 44 percent of continentwide agricultural
AEAEVAfS AE® ®—> 3E®Av A ESE -3EAES "VA—
research expenditures ($222 million in 2016), followed by Morocco ($187 million),
Ghana ($179 million), Ethiopia ($162 million), and Algeria ($124 mMion). Spending
levels of the remaining countries were considerably lower. Seven countries
(Uganda, Cote d’lvoire, Tunisia, Tanzania, Cameroon, Mali, and Senegal) spent
between $50 and $100 million on agricultural research; 18 countries between $10
and $50 million; and 17 countries between $0.2 and $10 mill®n.

Figure 3—Agricultural research spending by country, 2016
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el Agricultural research investment data in this report include government, higher education, and
®3@WAZIE V—E®feEA ESVE f3®@ EfE v—AfE EEAv: AEGAEVAfS> S3C
,EfVEAE "VEvV —-3A ESE -v!3AeEa - LAUVEE iA-A VAE ®3E vffEAA®
J92016 data for Algeria, Egypt, Morocco, and Tunisia was estimated based on these countries’
expenditure data for 2012, and assuming that spending growth followed growth in these countries’
AgGDP during 2012—-2016.
Data for Djibouti, Libya, Somalia, and South Sudan were unavailable.



The allocation of research budgets across salaries, operating costs, and capital
e®UEAE-E®EA 3VA v® ®-%3AEV®E ®-%VfE 3® ESE (
agricultural research (see Section 9). No formula can determine the optimal
allocation, however. It depends on numerous factors, including country size,
V—ASEf3s3—cefv: "cUEAA®EA®R ESE AGAEVAFE -vO Vi
A breakdown of spending during 2009—-2016 by cost category reveals important
differences across countries. Based on a sample encompassing the principal
government agencies of 35 SSA countries for which detailed cost category data
UEAE vUve'v,"Ee V,3EE 8v'— 3— ESE vUve v, E i®V®
close to 40 percent on operating and program costs, and the remaining 11 percent

was invested in capital improvements (Figure 4). These regional averages mask a
Ae—@®®ifVRE "E—AEE 3- fA3AA°f3E®EA& UvAcVEm:3
Lesotho, and Cabo Verde spent more than 70 percent of their total budgets on
salary-related expenses, leaving relatively few resources for the day-to-day
running of research programs or the rehabilitation of infrastructure and
equipment. In contrast, a large number of francophone countries fall at the other

end of the spectrum, allocating two-thirds of agricultural research expenditures

to operating and program costs and capital investments. Although there are
important exceptions, these cross-country differences in the allocation of NARI
expenditures by cost category can to a certain extent explained by an institute’s
dependency on donor funding, which is typically allocated to rehabilitation of
research infrastructure or the cost of research programs. Countries where
agricultural R&D is highly donor-dependent (especially in francophone West
Africa) therefore tend to spend a larger portion of their R&D costs on
non-salary-related cost compared to countries that receive very little donor
funding. The NARI in the Central African Republic stands out in that a
considerable portion of its research costs consists of capital expenditures,
notably for the rehabilitation of research centers and equipment damaged during

the period of violence in the country.
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Following a decade of slow growth in the 1990s, global agricultural research
spending (which includes salary, operating, and capital costs) increased by
roughly half from $31 billion in 2000 to $47 billion in 2016 (excluding the private
—3A°%AZE AEfE3A«> S0e®v UVvA v -v!3A "AcUEA 3- ES
country represented just 3 percent of global agricultural R&D spending. By 2016,
this share had increased to 16 percent. Other low- and middle-income countries
have also considerably increased their investment. As a group, low- and
middle-income countries now invest more in agricultural R&D than high-income
countries. Africa’s relative position on the global stage has not shifted much over
time. The continent continues to account for about 7 percent of global
investment in agricultural R&D (Figure B.2).

Figure—Africa’s share in global spending on agricultural research, 2016

| Source: Calculated by authors based on ASTI data (various years) and various secondary soprces.
Notes: OEE E@®®EE-v EE v'> 2nlnl« —3A "EEve A 3® "yvEv A JEAfCE,Z
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Figure 4—NARI expenditures broken down by cost category, selected SSA countries,
2009-2016 averages

| Source: Calculated by authors based on ASTI data (various years).
Notes: :3AES —-Acefv® f3E®REA®REA SVUE EE® E4['E"E" "EE E3 v

4.Research Spending Falling Behind Agricultural
Spending and Production Growth

The 2003 launch of CAADP elevated agriculture within Africa’s political agenda.
Although a large number of African countries have yet to attain CAADP’s
ambitious targets (i.e., spending at least 10 percent of their national budgets on
agriculture in order to ensure 6 percent sectoral growth per year), substantial
progress has been made over time. Investments in agriculture accelerated
quickly after 2003, following a long period of neglect in prior decades (Figure 5).
During 2000-2016, Africa doubled its agricultural sector spending (in
e®IVE®3I®°V 'EAEE" EEA-A«>y —AefE'EEAV. AGAEV.
timeframe, albeit at a considerably slower rate (44 percent during 2000-2016),
but as previously indicated, most of this growth stemmed from salary increases
of research staff and the rehabilitation of R&D infrastructure, rather than
increased funding to actual R&D programs. The data thus indicate that, although
many African countries have increased their investments in areas such as farm
support and subsidies, training, and irrigation, levels of investment in agricultural
research have seriously trailed.

12



Relative underinvestment in agricultural research is striking, given the
well-documented evidence of the high returns to such investments in Africa,
especially compared with investments in other agricultural inputs, such as
fertilizer, machinery, labor, and land quality (Dias Avila and Evenson 2010; Fuglie

et al. 2012; Alston et al. 2009). One of the major contributors to underinvestment

in agricultural research in Africa (as elsewhere) is the length of time required for
agricultural investments to manifest results and, hence,for decision-makers to
AEVY ESE %3 eEcefv' L E®EIE 3—- Are3AcE®rce®— AE

Figure 5—Spending on agriculture and on agricultural research in Africa,
2000-2016

|Source: VEV 3® V—A®fE'EEAV: ALE® ®®®— VAE -A3- LEO 300 anl
AvLE® e®— VAE -A3- OS* 2aUVA®E3EA aEVAA«
Notess —AefE EEAV AE® ®®®— 33®"'a ®®f E"EA -E®A "EAUE"
AEAEVAFS ALE® ®@®— ®O®f E"EA -E® A "EAceUE~ -A3-| —30CE
BASEfEA 3 A—VvR®®e¢VE®3®A®r vR" AEGUER®EEA —E®EAVEE| ®®EC
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Growth in spending on agricultural research has also been slower than growth in
agricultural output over time. As a result, Africa’s agricultural research intensity
ratio—that is, its agricultural research spending as a percentage of
AgGDP—dropped markedly, from 0.54 percent in 2000 to just 0.39 percent in 2016
(Figure 6). In 2016, 37 of the 44 African countries for which data were available
invested less than 1 percent of their AQGDP in agricultural research, thereby
falling short of the minimum investment target set by NEPAD. In fact, 24 of these
44 countries spent less than 0.5 percent of their AQGDP (Figure 7). Mauritius,
South Africa, Namibia, Botswana, Zambia, and Zimbabwe all reached the
1-percent target in 2016. Cabo Verde was the only country outside the Southern
African subregion to spend more than 1 percent of its AQGDP on agricultural H&.D.

Figure 6—African agricultural research spending as a share of agricultural GDP,
2000-2016

Source: V' fE"VEE" ,a4 VEES3AA ,VAE" 3® OS* "VEv aUVvA®e3EA AaEVAA

v®8 anlnm«>

Notes: VEv —3A !®,EEeoe 4e,ave O3-v'eeve v®™ O3EES OE"v®e U
Eaf E"E" -A3- ESeA AGE—®3®Vv" E3Ev’> VEV ®®f E"E CEAE‘E-VECE;

O€3 S3-+ v®" IA7®fe%E® VO  OEAfSE" "EA>

It is important to note that the 2016 intensity ratios based on ASTI data can differ substantially from
those tracked by the countries themselves as part of the BR process. Some of the countries that are
reported to have met the 1-percent agricultural R&D investment target don’t meet the target according
to ASTI data, and vice versa. ASTI does not have access to the underlying datasets on which the
intensity ratios in the AU 2019 BR report are based (African Union 2019), but expects that some of the
data differences can be explained by differences in the reporting year. Other differences are

BAEAE-v,’a "EE E3 UvVAeVE®3®A e® "Ei®eE®r3®Acr -EES3"3"3—3ce VG

behind ASTI expenditure datasets and intensity ratios is described in Annex A.
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Figure 7—Country-level agricultural research spending as a share of agricultural GDP,
2016

| Source: V'fE'VEE" ,4 VEES3AA ,VAE" 3® OS* "vEv aUvA®3EA aEv/
AT v®SE anlinme«>
Notes: VEv —3A ®—3"voe 3-3A3A@e !®,3EEce (EVE3A®vV %E®®E
OEAfSE "EAce O3-vieeve v®" O3EES OE"v® UEAE E®vUve v, E
NE®E®EV® cAAVE® A®EAEvVve V®" 4e,EAcev VAE ,vVAE" 3® nlmm
VR~ SE®m®AcvV 3® nlmn "VEvZ UV EEA —-3A EA8®®v $VA3 v~ 9v vl
-Aefv 3® nlmqg "VEv> SS3E UV EEA -3A :ce—EAevoe OOeCEAlA‘v 4ES3
the higher education sector.

Although intensity ratios provide useful insights into relative investment levels
across countries and over time, they fail to take into account the policy and
institutional environment within which agricultural research occurs, the broader
size and structure of a country’s agricultural sector and economy, or qualitative
differences in research performance across countries. For these reasons they
need to be interpreted carefully, within the context of national circumstances. A
SRE°ARCE°TEA°YV"" ®®UEAE-E®E EVA—EE -3A ESE AQ
that structural economic differences call for different investment strategies. For
example, small countries often have higher intensity ratios based on an inability to
take advantage of economies of scale. To be effective, national research systems
in small countries need to establish minimum-level capacities across relevant
disciplines and major commodities, regardless of the size of the agricultural
sector they serve.

15



Establishing this critical mass generally means spending more on agricultural
research relative to larger countries to achieve the same results. Similarly,
countries with arid climates typically have smaller agricultural sectors compared

with their tropical neighbors. The smaller the country’s AgGDP, the higher its
agricultural R&D intensity ratio. Relatedly, an increase of a country’s agricultural
AEAEVAfS *c®EE®A®EA AvE®? 3UEA Ex-E fVv® VFfEEV
rather than higher investment. Finally, a case can be made that AQGDP levels only
partially indicate the importance of agriculture to a national economy. For
Eav-%" Eoe -3AE Vv'UV®fE"~ Ef3®3-cEA =e®UEAE Ac
V—A3fSE-efv' A v®~ -33" LBLASfFEAA®®—@® ,EE ESEACE
V—A®RfE'EEAE, E® EA 3ifev' "EiI®rE®:®A v " SEG
countries’ intensity ratios.

For all these reasons, ASTI does not recommend the use of arbitrary investment
targets, such as the 1 percent target, to assess the performance of a country’s
agricultural R&D system. Countries like China and India, for example, have very
well-managed and well-funded R&D systems producing world-class research. Yet,
they only invest 0.5 and 0.3 percent of their AQGDP in agricultural research,
respectively. It would be unfeasible for them to investment as much as 1 percent.
Similarly, many African countries are in no position to invest 1 percent. A
3SE°ARCE°TEA°YV'" ®®EE®A®EA EVA—CEE 3—- m “EAfE
undesirable, given the widely diverging structural characteristics of each
country’s economy and agricultural sector. An alternative indicator that takes a
much more balanced and holistic look at a country’s R&D investment and capacity
is proposed in Section 8. Nevertheless, regardless of the indicator used to assess
agricultural R&D investment, Africa needs to substantially raise its level of
agricultural R&D investment to address its agricultural production challenges
more effectively. The next section of this report shows the impact on agricultural
productivity of increased R&D investment.

5. Future Investment Scenarios

Analyzing the past performance of agricultural research systems, as in previous
sections of this report, is useful for identifying systems’ strengths and

weaknesses and detecting areas needing improvement. Conversely, strict
reliance on historical data will not prepare an agricultural research system for its
future challenges and opportunities. In the next 20 to 30 years, African economies
will continue to grow, incomes will increase, and consumption patterns will
change, as will the demand for agricultural products, imports, and exports. In this
context, forward-looking scenario models are useful for assessing the risks and
potentials of different portfolios of research investment. 16



As discussed in Section 4 of this report, investments in agriculture accelerated
quickly after 2003, following a long period of neglect in prior decades. During
2000-2016, Africa doubled its agricultural sector spending while agricultural
research spending also grew during that period but at a considerably slower rate

(2.4 percent per year, mostly as a result of increased spending in salary costs and
rehabilitation of infrastructure). What are the prospects for future agricultural

growth in Africa if this trend of relatively slow growth in R&D investment is
continued? Would historical growth in R&D investment and capital accumulation
a.EfSVReCVE®3I®re ®eAAr—VE®3®« ,E AEifeE®E E3 \
sustaining growth in agricultural GDP at an annual rate of at least 6 percent?

To answer these questions and to assess the impact on agricultural productivity
of countries increasing R&D investment, ASTI ran medium- to long-term
projections. The analysis included four different scenarios of projected R&D
investment and production inputs (capital, land, and labor):

(i) Historical R&D-Historical input scenario Under this scenario,during
2017-2050,R&D investment and agricultural production inputs continue their
historical trajectory of 2000-2016, i.e. growing at average annual rates of 2.4
and 2.2percent, respectively.

(i) High R&D-High input scenario Under this scenario, investments in
agricultural R&D and physical capital triple during 2017-2050 relative to
2000-2016 levels. Thistranslates to an annual growth rate of R&D investment
of 7.2 percent and to an overall growth rate of agricultural production inputs
of 3.4 percent per year (note that accelerated growth is only assumed for
agricultural capital investment; land and labor inputs are assumed to
continue growing at historical rates).

(i) High R&D—Historical input scenariocombines R&D growth rate of (ii) with
input growth rate of (i).

(iv) Historical R&D—-High input scenario combines R&D growth rate of (i) with
input growth rate of (ii).

The high growth rates of R&D investment and input in these scenarios were
selected to give a sense of the magnitude of the investment effort needed to
achieve the 6 percent annual agricultural GDP growth that African Heads of State
committed themselves to under the Malabo Declaration. Figure 8 shows
projected GDP growth rates for different periods that result from growth in

agricultural inputs and in TFP growth generated by accelerated R&D investment.
17



Figure 8—Regional agricultural GDP growth projections to 2050 under
four investment scenarios

‘ Source: V' fE"VEE" ,4 VEE3S3AA VAE" 3® VO ° LO 2nlnl« v®~ 0OS* 20\
Notes: V® EA ESE (eAE3Aefv’ Lé AfE®VA®3:e Lé e®UEAE-E®]
%EAfE®E "EAe®— nimr2nliqlz ESE —A3UES AVEE ®e® ESE (e—35 |
Eee-EA ESE $cAE3Acefv’ AVEE«> SSE —A3UES AVEEA 3- =@®@®%E
BLEAfER®E v~ ® ESE (@—8§ ®®%EE AfE®VA®? A o>r EAfER
3_ fvireEvT USe €& ESE $eAE3Aefv’ —A3SUES AVEE 3- "vO®[ v®" "\

The projections in Figure 8 clearly demonstrate that historical growth rates of

agricultural R&D and physical capital would not allow the region to achieve its
ambitious goal of 6 percent annual agricultural sector growth by 2030. Under this
scenario, average agricultural GDP growth would reach 4.0 percent per year
during 2017-2030, falling to 3.4 percent per year after 2030.

Tripling R&D investment would have a considerable impact on future growth of

Africa’s agricultural sector. Under the High R&D-Historical input scenario, AQgGDP
growth will reach about 5.0 percent per year after 2030, considerably higher than

if Africa’s historical investment trajectory was continued into the future.
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Please note that annual AgGDP growth is lower in the years leading up to 2030
than during years after 2030 because of the lagged effects of research. The High
R&D-Historical input scenario demonstrates, however, that tripling R&D
investment is still not enough to reach the ambitious CAADP growth targets. The
only two possible pathways to reach 6 percent annual growth in agricultural GDP
by 2030 are the High R&D—-High input and the Historical R&D—-High input scenarios.
Unlike R&D investment, which is characterized by a long lead time between the
moment of investment and the moment of tangible outputs, investments in
agricultural inputs (land, labor, capital) have a more direct impact on agricultural
production.

The implications of these results are that to achieve 6 percent growth in GDP by
2030, African countries will need to increase investment (mechanization,
irrigation, animal stock) and spending in areas with potential to boost productivity

a_3A EA4v-% Ee EAEE®A®3® v®" i1®v®foev AEAU®fE
technologies. At the same time, and given the lagged effects of research, there is

the need to boost investment in R&D to sustain GDP growth above 5 percent after

2030 and the productivity of growing capital in agriculture. Increasing R&D
investment at the levels projected in the High R&D scenarios is probably not
~-EVvAe, " E VE YAEAER®E ®® ESE AE—®x3*®e® ,EE ®@
systems through improved allocation of resources within and between countries
AS3E"” e®fAEVAE ESE EifeE®fA v®~ -%VfE 3— Lé
rate of agricultural R&D investment is not the only thing that matters. With a
relatively small amount of resources stretched along dozens of different
f3--3"cEEA VR~ AfeE®Eeif AL EfreVv EEA® E e/
E3 ESE AEEEA®A 3- Lé 3@ A%BEfeif f3--3"cEceEA
priorities affect future productivity.

We ran long-term projections to determine the impact of different R&D
investment priorities on agricultural TFP. The six scenarios gave investment
priority to (1) cereals, (2) roots and tubers, (3) oil crops, (4) fruits and vegetables, (5)
cash crops (including coffee, cocoa, tea, cotton, sugarcane, rubber, tobacco, and
spices) , and (6) livestock. Under all six scenarios, R&D investment increased at an
average yearly rate of 4.8 percent (i.e. twice the Business-as-usual rate described
above) during 2016—-2050 for the target commodity group, and by 2.4 percent per
year (i.e. the Business-as-usual rate) for all other commodities. TFP growth was
calculated for the agricultural sector and period as a whole to determine how the
different scenarios affected sector-wide growth in Africa as a whole and in each
of the subregions.
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Projections indicate that increasing R&D investment in roots and tubers and in

cash crops yields the highest TFP growth for the continent as a whole (Figure 9).
Southern, West, and Central Africa are the regions to gain the most from higher

R&D investment in roots and tubers, while prioritizing investment in cash crops
Ue" ,E®REIE VAE v®™ "EAE -Acefv -3AE ESv® 3ESEA /
Africa, the greatest impact on TFP growth results from prioritizing investment in

fruits and vegetables, livestock, and cereals. In SSA, increasing investment in
cereals and livestock would impact future productivity in East Africa the most.

Figure 9—Projected relative growth in agricultural productivity under six
agricultural research investment prioritization scenarios, 2016—2050

‘ Source: V' fE"VEE" ,4 VEE33AA VAE" 3® OS* aUvAme3EA aEVAA«e $
Notes: SSE Accd AfE®VA®IA®e AEGA%XEfERUE ae “YA®IA®E®RCE «
a0« 3@ fA3%Ae 2p« —AE®EA v®" UE—EEV, " EAe 2q« fVAS fA3%
e®UEAE-E®E ®® EVA—EE f3--3"®ExeEA ®®fAEVAEA vVE v AE V.
®® v'" SESEA f3--3"EeEA ®e®fAEVAEA VE v éCEvA"} AVE G
business-as-usual.
The differences in projected long-term TFP growth rates between the six
investment scenarios are considerable (Table 1). Take for example TFP growth
under BAU in Southern Africa, which is projected to average around 0.7 percent
per year over the 2016-2050 period. This corresponds to 27 percent overall
growth for the entire period. If priority is given to R&D investment in roots and
tubers, however, average projected agricultural TFP growth for this period would
increase to 1.29 per year, which is nearly twice as fast as under the BAU scenario.
20



Table 1-Projected average annual growth of agriculture under different R&D
investment scenarios, 2016-2050

Roots
and Fruits and Cash
BAU Cereals tubers  vegetables crops Livestock  Oil crops

Africa 1.30% 1.37% 1.54% 1.38% 1.49% 1.37% 1.33%
North Africa 0.85% 0.94% 0.85% 1.05% 0.86% 0.97% 0.89%
Central Africa 0.73% 0.75% 0.91% 0.73% 0.81% 0.74% 0.75%
Southern Africa 0.71% 0.74% 1.29% 0.76% 0.82% 0.76% 0.79%
East Africa 1.73% 1.87% 1.87% 1.78% 2.14% 1.88% 1.75%
West Africa 1.67% 1.70% 2.00% 1.74% 1.85% 1.69% 1.71%

| Source: V' fE"VEE"~ ,4 VEES3AA VAE" 3® OS* aUVA®EA aEVAA«eE $

Notes: SSE Arda AfE®VA®3Ae ACGALEfFERUE A YAr3ArE®rcE
ap« 3" fA3%A® 2p« —AE®EA v~ UE—CEEV, " EA® 2q« fVAS fA3Y
e®UEAE-E®E ®® EVA—EE f3--3"®cExEA ®®fAEVAEA va aEv
®e® v'W3ESEA f3--3"ExeEA ®®fAEVAEA VE v AEVA=RAVEE - n

Box 3. Understanding Total Factor Productivity in the Context of
Long-term Growth of the Agricultural sector



6. Analysis of R&D Funding Sources

A complete analysis of yearly agricultural research investment levels across
countries also requires an examination of how agricultural research is funded
(Figure 10). In some countries, the national government funds the bulk of
agricultural research activities undertaken by NARIs, whereas other countries are
extremely dependent on outside funding from donors and development banks. In
certain countries, research agencies generate substantial amounts of funding
internally by selling goods (such as seed and vaccinations) and services (such as
laboratory tests and technical assistance), while in other countries, the proceeds
of such sales are channeled back to the national treasury, discouraging agencies
from pursuing this revenue stream. Several countries, including Coéte d’lvoire,
3E®ave Vv®~ Svecv®eve SVUE EAEvV, " ®ASE~ -E®"
private-sector resources, either via a tax levy or through subscription dues.

Government funding can reach an agricultural R&D agency through a variety of
channels. In some countries, staff salaries are directly disbursed by the Ministry of
Finance, while operating and capital costs are disbursed by the Ministry of
Agriculture or equivalent. Many countries in the region have a Ministry of Science
and Technology that allocates research funding through one or more science
funds, either competitively or through direct budget allocations.

Agricultural research in SSA is far more dependent on donor and development
bank funding compared with other developing regions around the world, including
North Africa (Stads 2015; Stads 2016; Stads et al. 2016; Stads et al. 2020). Overall,
during 2009-2016, 57 percent of the funding to the NARIs in SSA (excluding
Nigeria, South Africa, and a number of the smaller countries) was provided by
national governments, and funding from donors and development banks
constituted 28 percent. Dependency on donor funding is particularly high among
francophone West African countries. In a large number of countries, the national
government funds the salaries of researchers and support staff, but little else,
leaving non-salary-related expenses highly dependent on donors and other
funding sources (Figure 11). Although many governments are committed to funding
agricultural research in principle, the amounts disbursed are routinely lower
than—and in some cases only a fraction of—budgeted allocations. It goes without
saying that these funding discrepancies have severe repercussions on the
day-to-day operations of agricultural research agencies and their planned
activities.
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The World Bank has been a major contributor to the institutional development of
v—AefE'EEAV: AEAEVAfS ®® 00 ®® ESE -3A- 3-
through loans and supplemented by grants. Projects have variously focused
purely on agricultural research (the more common approach in the 1980s and
1990s) or on agriculture more generally, while including an agricultural research
component (the more common approach in the 2000s). Some projects aimed to
AEASVHLE ESE E®E®AE : LOe USEAEVA BESEAA -3fE
general research management and coordination. As of the mid-2000s, the World

VRS ASe-EE" -A3- v f3EREAA°"EUE" E3 v AE—®@3®V"
research in SSA through the model of regional productivity progranﬂ, which
have injected considerable funding into African NARS. Aside from the World
Bank, a large number of other bilateral and multilateral donors, development
banks, and private foundations, including the African Development Bank and the
International Fund for Agricultural Development fund agricultural research
activities in SSA.

Unlike most African NARIs, which are funded mainly by national governments,
donors or resources generated through the sale of goods and services, Cote
d’Ivoire’s National Center for Agricultural Research (CNRA) stands out in that it is
predominantly funded by private producers through the Inter-Professional Fund

for Agricultural Research and Extension (FIRCA). FIRCA allocates at least 75
percent of the subscription fees raised by producers in a given subsector to
research serving that commodity. The remaining funds are allocated to a
As"e"vVAeEA -E®" E3 AGAUE AE[fESAA 2-3AE"4 -33" f/
funding through their own subscription fees. FIRCA is unigue and exemplary in
Africa in that it promotes demand-driven research.

7 The East Africa Agricultural Productivity Program (EAAPP), West Africa Agricultural Productivity
Program (WAAPP), and Agricultural Productivity Program for Southern Africa (APPSA) focused on
enhancing regional cooperation in the generation and dissemination of agricultural technologies, and
establishing national centers of excellence to facilitate a more differentiated regional research agenda
(Beintema and Stads 2017).
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Figure 10—Funding sources of principal agricultural research agencies in SSA,
2009-2016 averages

Source: Calculated by authors based on ASTI data (various years).
Notes: VEv —3A S3EAUv®ve 9v'vUee OEAAV 4E3®@E VAE -PA nimi
~-Aefve :e—EAeve O3EES —-Acfve v~ v ®E-,EA 33— A-v["EA f3

Figure 11—Breakdown of agricultural R&D spending and funding in SSA,
2009- 2016 average

‘ Source: Calculated by authors based on ASTI data (various years).
Notes: SSE fVEE —3A4 3ESEA =®f E"EA f3--3"eEa EUx=EA ESE
funding sources.
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Volatility of Agricultural Research Funding

OEUEAE OEfEEVE®3®A ®® aEvA'a v—A®fE'EEAV
f3-%"efVEE v®~ f3-%A3-cAE "3®—°EEA- ,ET—EE® AE
vi'3- USefs8 V-—EfE ESE f*®E®r®E®EA v®" 3EEf3-EA
yearly investment levels thus hinder the advancement of technical change and

the release of new varieties and technologies in the long run, in turn negatively
affecting agricultural productivity growth and poverty reduction. Long-term
spending data reveal that agricultural research funding in many SSA countries

has been far from stable over time. For example, agricultural research spending

e® 9VEA®rEV®m®eYV V®" Sv®cv®cv SVA AEfEEVEE" f3®Ace
USee & Ea%E® EEAE "EUE"A ® 3E®AvV 3VUE ,E E(

Figure 12—Long-term trends in agricultural research spending for selected
countries, 2000-2016

‘ Source: Calculated by authors based on ASTI data (various years).

ASTI developed a measure to quantify funding volatility across countries by
applying the standard deviation formula to average yearly logarithmic growth of
agricultural research spending over time (see Stads and Beintema 2015). The SSA
fPEREA®EA UrES ESE 3—S3SEAE JEfEEVE®3® ®® AacC
during 2000-2016 (in descending order) were Gabon, Mauritania, Burkina Faso,
Zimbabwe, Tanzania, and Togo (Figure 13). In contrast, agricultural research
AvLE®R ®®— ©® fEREAREA "8§E 3E®AV VR~ O3EES -
timeframe. Of most concern, research spending for the region as a whole is
Ae—@®®eifvRE"a -3AE U3"'VE® " E VA ®® 3ESEA "EUE"3Y
Beintema 2015).
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Agricultural research agencies in SSA, particularly those in the region’s
low-income countries, are more dependent on funding from donors and
development banks than their counterparts in other developing regions, and this
type of funding has shown considerably greater volatility over the past decade
compared with government funding. In a large number of SSA countries, donors
fund the bulk of non-salary-related expenditures—that is, program and operating
costs and capital investment—(see Figure 11)—and there is extensive evidence of
V—E®feEA AGUEAE®®— E3 i®@vR®fev' fAerAxrA E%3®
projects, forcing them to scale back their activities. Too much of the critical
decision making about research priorities appears to be devolved to donors, with
the result that the research agendas of many agricultural research agencies
across SSA—yparticularly in smaller, low-income countries—can be skewed either
toward short-term goals that are not necessarily aligned with national and
(sub)regional priorities or to commodities of comparatively limited economic
importance. A new framework is therefore needed whereby governments
establish strategic priorities that donors contribute to. This is already taking
place in countries like Nigeria and Tanzania through Project Coordination Units
(PCUs) within the Ministry of Agriculture. However, more national governments
need to be making critical investments in support of research implementation
beyond paying staff salaries.

Figure 13—Volatility of agricultural research spending in SSA, 2000-2016

Source: Calculated by authors based on ASTI data (various years).

‘ Notes: 3"VEoe " ®cEA&A ®® V—A®RfE'EEAV  AGAEVAfS AE® ®®— A (E
—-3A-E"'v E3? VUEAV—CE aEVA'a "3—VA®ES-cef —A3UES 3- v—A\oefE"EE
aAEE OEV'A v®" E®®EE-v nimqg«>
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7. Brief Overview of Human Capacity Constraints
in Africa’s Agricultural R&D

African countries have made considerable progress in building their agricultural
research capacity since their independence. In the early 1960s, SSA employed
about 2,000 agricultural researchers, measured in full-time equivalents (FTES).

This number increased to about 9,000 FTEs in the mid-1990s to more than 16,000
FTEs in 2016. This increase in human capacity has been the main driver behind
increased R&D investment in SSA since the turn of the millennium. With the
inclusion of North Africa, total FTE agricultural researcher numbers are
estimated to reach over 30,000, with Egypt alone accounting for roughly
one-third of the continent’s agricultural research capacity. Due in most part to

AE AEVRE®RV” "3®3A AE%®%3IAE -3A EAvEe®®®— v®" fvi
of agricultural researchers in SSA improved steadily in the decades leading to
nlll> 93AE AEfE®E"ae S UEUEA® —A3UES ®® ESE ®F
researchers in SSA has slowed (Beintema and Stads 2017).

-e®m-E- ®E-,EA 3- 15 °¢EveiE AfeE®ExrAEA
fundamental to the conception, execution, and management of high-quality
research; to effective communication with policymakers, donors, and other
stakeholders, both locally and through regional and international forums; and for
increasing an institute’s chances of securing competitive funding. Furthermore,
long-term recruitment bans—particularly in francophone Africa—have led to
aging pools of senior researchers, many of whom are approaching or have
AEVFSE” ESE %ifoev:  AGEAE-E®E v—E> A 3— nimree
detailed data were available, at least half of all researchers with PhD degrees
were over the age of 50 (Figure 14), while in 8 of these countries, more than 70
BLEAfERE 32— ESE 18 °¢EVv eiE" v—A®RfE'EEAV AEGAE)\

FTEs take into account the proportion of time researchers spend on R&D activities and not time spend on
non-research-related activities, such as teaching, extension, and administration.
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$e—EAE mp3OSVAE 3- 18 °EV ®iE" vV—A®RfE EEAV" A

‘ Source: V' fE'VEE" ,a4 VEES3AA VAE" 3® OS* "VEv 2UvA®3EA aEVAA«
vV®SE8 anlnm«>
Notes: V' EEA -3A A®eEAEvee v®" 40, EAcev VAE ,vAE" 3® nlmm "VvE
V" SE®®AcevV 3® nlmn "vVEvZ UV EEA -3A EA8§®®v $vA3 v®) 9v'vU
—-Acefv 3® nlmqg "VEv> SS§E UV EEA -3A :;e—EAeve OoeCEfI‘AV 4 E:
E EfvE®e33® AEfE3A> —E "VEv -3A —a%E UEAE E®vU v, E>

The situation is particularly severe in West Africa and a few other SSA countries.
OEUEAV" f3E®EAxREA 3VUE =®fAEVAE" ESE 3ifoev’ A
without large-scale recruitment this will only provide a temporary solution.
LEfAERE-E®E E--3AEA ®® -3AE AEfE®E aEVvAA :
inexperienced staff in need of further training, mentoring, and supervision.
Although the arrival of young blood is a positive development, many institutes
fPRE®E®EE E3 "vf§ v¥%%A3KLA®RVEE"Aa EAVR®E"™ vR®" EAa¥
by retiring (and departing) senior staff. At the same time, too few senior staff
remain to train and mentor their newly appointed junior colleagues. This issue is

even more severe at institutes with numerous disciplines and areas of research

focus, or where highly specialized training and experience are needed.

The retirement and departure of large numbers of senior, experienced researchers
from agricultural research (and teaching) institutes will exacerbate knowledge
gaps in the coming years, raising concerns about the quality of future research
outputs. Countries need to develop systematic human resource strategies for
agricultural R&D, incorporating existing and anticipated R&D skills gaps and
training needs.
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But their options in addressing the challenges they face in maintaining and
developing their human resource capacity are very limited. Financial constraints

affect an institute’s ability to offer competitive salaries and conditions; to

provide training and career opportunities; and to create the necessary incentives

E3 VEEAVfE® AEEVe®m® vR®" -3E®UVEE §—3"a ¢Ev i

The supply of (high-quality) postgraduates from African and other universities
remains limited and underdeveloped. Although increased attention has been
—eUE® E3 ESE Ea%VvOA®E3® v "ceUEAA®iIfVE®R3®
agricultural students in Africa are enrolled in undergraduate degree programs
and in-country PhD training opportunities are still limited. Besides, the quality of
many PhD programs remains subpar. In Egypt, for example, the quality of PhD
programs in agricultural sciences is very low compared with international
standards. It is encouraging that the Egyptian government has recognized these
"EifeE®feEA v®~ ESVE A 3vVA EVEE® AEE®%A E3 "va
system through legislative reform, institutional restructuring, and the
establishment of independent quality-assurance mechanisms and monitoring
systems (Stads et al. 2015). Universities in some of Africa’s smaller countries only
employ a handful of young professors in agricultural sciences, which further
restricts the scope and quality of their higher agricultural education programs.
For decades, government funding for education in Africa has prioritized primary
and secondary education. Funding for tertiary education has not kept pace with
the rapid growth in the number of higher education institutions nor with the
strong increase in student enroliments. Government investments in higher
education agencies—in particular in agricultural sciences—need to be increased
considerably to match growth in undergraduate student enrollments and to scale
up and improve postgraduate programs to ensure a greater responsiveness to
the needs of a modern, market-oriented agricultural sector (Osiru et al. 2016,
Beintema et al 2021).
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8. Performance of African Agricultural R&D Systems

As discussed in Section 4, R&D investment intensity ratios have severe limitations

and are not the most suitable indicator to compare agricultural research
performance across countries. In this section, an alternative is presented that
assesses the overall commitment and capacity to invest in agricultural R&D of
various African countries. This alternative follows the conceptual framework of
Guan and Chen (2012), where an innovation production activity is seen as the
BASfEAA 3—- f3QUEAE®®— §®3U'E"—E VO™ " EVA ®®
15 shows the main determinants that affect the performance of the R&D system. It

also highlights the links of the research system with other components of the
®®®3UVE®:® AAAEE- v®" ESE EAEEA®V" E®U®rA:
component of a system’s overall performance is determined by structural
socio-economic and/or exogenous variables.

Figure 15—Determinants of the performance of agricultural research system

‘ Source: "V,3AVEE" ,a vf'E§3AA>
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A short description of each of the elements in Figure 15 is provided below:

R&D spending: This element is a measure of the “research effort” by a country.
For comparisons with other countries, investment is measured relative to other
variables such as the conventional intensity ratio (see Section 4). Note that
investment intensity (at least in the long run) depends on a government’s budget
constraints, support from donors, legislation facilitating research centers access
of alternative sources of funding, and also the size of the economy and of the
agricultural sector.

Size of the system: The size of the NARS is one of the most important factors
determining its overall performance, affecting costs, productivity, and outputs.

SRAEAVE®E" ,4 AEAEfEEAV" —VvfE3AA® f3E®REAREA ¢
size of their own R&D system.

Human capital: Researchers are at the core of the NARS. Their productivity (i.e.
AEAEVAFS SEE%EE “EA AEAEVAFSEA« v®  ESExA
overall performance of the system. The quality of the research personnel
determines research productivity (ceteris paribus) and also affects the structure

of the research system.

Cost structure: We consider three cost items: (i) salary costs; (ii) operating and
program costs; and (iii) capital investments. Previous analyses have shown that
AE'VEeUE"a Se—38 fvheEv" f3AEA VAE -3AE"a vAA3f
®e® efVEE®— ®""E ®-AVAEAEfEEAE v®" §e—3 TaE’
cost item in research operations (see Figure 4 in Section 3), and countries with a
higher share of salary costs in total R&D costs are in most cases countries with
higher human capital and research productivity. In general, we observe that
salaries and operating costs are positively correlated, while they are both
negatively correlated with capital costs.

Research outputs: They are the result of the process of creating new knowledge

A& ESE : LO v® e VA A33U® ® $®—EAE me ESEAa v
EEf3®3'3—oefv’ ®e®®3UVE®3®A> OfeE®E®iIf e®®3Uv
articles in refereed journals, book chapters, and abstracts and articles in
proceedings of technical meetings. Technological innovations include new
technologies, products, and processes, such as: (i) cultivars, plant varieties,
hybrids or clones; (ii) agricultural and livestock processes and practices; (i)
agro-industrial processes, harvest, post-harvest and transformation and
preservation of agricultural products; (iv) machinery and equipment developed by

a research unit (da Silva et al. 2007).
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Performance of the research system: The measure of performance brings
together all the system’s components shown in Figure 16 and described above,
comparing outputs with inputs used in the production of new knowledge. They
include measures of productivity and costs per unit of output or per unit of key
inputs.

Based on the analytical framework described above, a series of indicators were
selected to identify the strengths and weaknesses in the use of research inputs at
different levels of the process of producing research outputs. An overview of the

set of indicators for the analysis is displayed in Figure 18. More detail on each of
ESE ®® efVESAA ®® E3eA i—EAE v®™ ESE AEE %A Ev
performance of the various African NARS is provided in Annex C.

Figure 16—Indicators to measure the overall performance of agricultural
research systems

‘ Source: "Vv,3AVEE" ,a V\EE§3AA>
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For each of the elements shown in Figures 15 and 16, that is (i) overall
performance; ii) human capital; iii) costs; iv) investment intensity; and v) funding,
indicators were applied to rank African countries based on their performance in
that particular area. For example, cost per adjusted-quality publication was used
to rank countries based on overall performance. Quality of human resources,
salary costs per FTE researcher, the gap between actual R&D investment and
attainable R&D investment, and total R&D investment were used to rank
countries in the areas of human capital, cost structure, investment intensity, and
size of the system, respectively. In the case of funding structure, countries were
ranked by the importance of non-government and non-donor funding sources
(such as internally generated income through the sale of goods and services,
commodity levies, and others).

"eES3®e® EVfS VAEV 3—- LEA-3A-V®OfE® V'~ f3ER®REA®E
groups based on the rankings, with worst performers in each area included in
Group 1, average performers in Group 2, and best performers in Group 3. With all
fREREAEA f'VAA®RIE" ®®E3 ESAEE —ASE%A ®® EVv,
countries were ranked by overall performance by giving the best performing
countries in each area a score of 3; the worst performing countries (Group 1) a
score of —1; and average performing countries (Group 2) a score of 0. The overall
performance score for each country was calculated as the sum of the scores in

ESE iUE VAEVA 33— LEA-3A-v®fE> "~ f3E®REAEA UE
overall score and allocated to three groups of equal size: Best performers (top 33
percent of countries); worst performers (bottom 33 percent), and average
performers (the remainder).

Table 2 summarizes the key indicators for the best, worst, and average
performing groups of countries. These indicators reveal that:

* The cost of agricultural research per unit of output in best performing
fREREA®EA A v'-3AE 1UE Ewe-EA A-v'"EA EZVv®
(despite the cost per researcher in best performing countries being three
times larger than in worst performing countries).

* The higher costs per researcher among best performers is compensated by

higher productivity per researcher (12 articles per 100 researchers compared
to just 4 in the average group and 0.7 among worst performers).
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Differences in productivity of researchers and the cost of research are the

AEAE'E 3—- AGAEVAFSEA (EVv eifVE®R3® "e——EAE®f
AEAEVAFSEAA ® ESE —A3EY% 3— [ EAE YEA-3A-EA.
VE ESE AVv-E Ee-E -3AE Ea%E®AUE> CUEUEA®
eA f3-LER®AVEE" ,8 ESErA 3c—3EA “ATEfEcU®E.
SSE -3AE -%3AEV®E AEAEVAfS f3AE eEE- vfA3A
Ov'vAa f3AEA Vff3E®EE"™ -3A v 3e—3EA ASVAE 3-
v VUEAV—E “LEA-3A-e®— —A3E%A ESv® ®® ESE |

A
E

SSE AwcE - ESE Lé AAAEE- AEE-A E3 ¥%"va v -v!|3
ESE —AE®A> UEAV—E A%E® ®e®®— ,4 ESE f3E®EA
UvA Amqgt -ee""e3® 2e® nimm Il %AefEA«oe f3-%VAE
3- USAAE LEA-3A-EAA>
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Table 2—Average performance scores of Africa’s best, average, and worst
performing national agricultural research systems, 2009-2016

Groups of
performance
Diff.
Best-
Worst  Average Best Worst®

Overall performance

Cost per published article (million 2011$) 24.4 5.7 5.0 ik
Number of articles per 100 FTE researcher 0.7 40 121 ik
Cost per FTE researchers (1,000s of 2011$) 88.3 151.1 215.6 ik
Human capital

Quality of human resources (Index 1-4 Max) 2.1 2.6 2.6 ik
Ratio PhDs/MSc 0.4 0.9 1.2 *k
Costs

Cost of salaries/FTE researcher (1,000s 2011$) 42.9 74.2 133.4 ik
Salary-capital cost ratio 9.7 122 152 -
Agricultural R&D investment Intensity

Investment gap as % of R&D investment 15% 27%  40% -
Size of the agricultural R&D system

Average R&D spending per country (million 2011$) 14 66 158 ok
Funding

Share of direct government funding in total agricultural R&D

funding 65% 55%  72% -
Share of donor funding in total agricultural R&D funding 26% 35% 6% ik
Share of other funding in total agricultural R&D funding 8% 10% 22% *
Volatility of R&D funding (variance of investment growth rate) 0.21 0.18 0.12 ik
Selected environmental variables

FTE researchers per 1,000 people enrolled in tertiary education 4.6 3.0 2.7 ke
Gross enrolment in tertiary education (%) 2.4 50 114 ik
Government spending per capita (million 2011%$) 0.3 0.4 1.9 el

Source: Elaborated by authors.

Notes: av« "E"'f$ E°EEAE UvA YEA-3A-E" E? "EEEA-2®E - ESEAE U
between Best and Worst performers. Number of countries in each group is: Worst=13; Averages14;
EAEOmMn> OEVE®AE®fV A—@®@®ifvVRfE 3—- "e——EAER®RfE EEUEE® |, (
ge? 2!« Aee—> VE mlae>

Sv,"® o A33UA ESE 3UEAV"" “EA-3A-vRfE AEAE"EA
~Aefv® f3E®EArEA> SSE ,EAE Y%»EA-3A-c®— f3EGQ
SEAUV®vee 3E®ave 93A3ff3e SE®mAmve "—EAmva
ESe3%eve VO™ 9VEA®E®EA> SSE —A3EY% 3— USAAE “E
kv-,eve LUvV® ve %v-,eve L 3@—3@ e—EAxr
93¢v-,e¢EEm® Sviee OEAAV 4AE@RE®E WER®EVE VO™ ¢
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Table 3—Performance of agricultural research systems by country, 2009-2016

Donor
funding

Country Cy Yite Cite Qfte  PhD/MSc Stte G% Size %  Volatility
Best performers

South Africa 05 877 0.4 2.7 0.9 0.26 0% 353 1% 0.09
Egypt 2.3 2.7 0.1 3.2 31 0.06 42% 534 0% 0.04
Botswana 41 4.1 0.2 2.3 0.8 0.11 0% 19 0% 0.14
Kenya 2.3 9.2 0.2 2.6 09 0.11 3% 245 23% 0.08
Morocco 5.0 5.6 0.3 2.7 0.8 0.17 56% 157 0% 0.08
Tunisia 0.7 16.8 0.1 3.1 26 0.08 109% 63 0% 0.06
Algeria 2.9 5.6 0.2 2.3 04 012 224% 95 0% 0.11
Ghana 7.0 4.1 0.3 2.8 09 0.21 6% 170 20% 0.16
Namibia 7.7 4.0 0.3 19 0.3 0.12 0% 31 0% 0.26
Céote d'lvoire 9.3 3.0 0.3 3.6 38 017 37% 76 18% 0.13
Ethiopia 3.9 1.0 0.0 1.6 0.2 o0.01 0% 117 13% 0.17
Mauritius 14.7 1.6 0.2 2.0 0.3 0.18 0% 34 1% 0.11
Worst performers

Togo 7.2 1.0 0.1 2.7 0.6 0.02 3% 8 25% 0.29
Lesotho 43.1 0.2 0.1 1.7 0.5 0.07 0% 3 6% 0.27
Zambia 5.4 1.8 0.1 19 0.3 0.03 6% 24 69% 0.16
Rwanda 16.7 1.2 0.2 2.4 0.3 0.09 10% 31 40% 0.11
Gambia, The 10.6 0.7 0.1 1.8 0.2 0.04 0% 4 39% 0.23
Congo, Dem. Rep. 46.6 0.1 0.0 1.7 0.8 0.03 0% 26 15% 0.10
Niger 5.2 1.5 0.1 2.7 0.8 0.03 0% 16 33% 0.16
Central African Republic 9.8 0.3 0.0 1.9 0.1 0.01 0% 4 38% 0.14
Mozambique 8.7 0.8 0.1 1.8 0.3 0.04 4% 26 22% 0.13
Chad 722 0.2 0.1 2.3 0.2 0.07 50% 12 11% 0.16
Sierra Leone 36.3 0.2 0.1 2.2 0.2 0.06 35% 12 15% 0.39
Guinea 12.6 0.2 0.0 17 0.6 0.01 7% 6 22% 0.27
Mauritania 42.7 0.3 0.1 2.1 04 0.08 41% 14 9% 0.31

‘ Source: Elaborated by authors.

Notes: av« "E"f$ E°EEAE UVvA LLEA-3A-E~ E3 "EEEA-®E @®- ES
difference between Best and Worst performers. Number of countries in each group is: Worst=13;
UOEAV—EOmpz EAEOmMn> OEVE®AE®fV Ae—@®ifve®fE 3]~ " -
Ace—> VE me? all«e Aee—> VE qee? 2l« Aee—> VE mla>
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Table 3 (continued)—Performance of agricultural research systems
by country, 2009-2016

Donors

funding
Country Cy Yite Cite Qfte  PhD/MSc Stte G% Size % _ Volatility
Average performers
Benin 2.3 55 0.1 3.2 19 0.05 16% 26 23% 0.14
Congo, Rep. 1.3 6.4 0.1 2.7 0.7 0.03 88% 7 18% 0.15
Senegal 4.3 6.7 0.3 35 33 0.16 2% 41 23% 0.18
Uganda 6.0 3.6 0.2 25 0.8 0.07 0% 121 53% 0.23
Malawi 7.8 25 0.2 25 0.7 0.10 0% 31 33% 0.20
Zimbabwe 2.3 5.8 0.1 21 05 0.08 0% 32 0% 0.29
Nigeria 3.4 4.6 0.2 21 06 na 2% 463 n.a. 0.16
Mali 12.4 1.3 0.2 2.7 0.7 005 15% 47 56% 0.18
Madagascar 1.0 4.6 0.0 29 09 002 24% 10 55% 0.14
Cabo Verde 14.1 0.8 0.1 2.0 0.2 0.08 0% 3 21% 0.12
Eswatini 12.1 2.2 0.3 2.6 08 017 30% 7 15% 0.16
Burkina Faso 4.7 2.6 0.1 3.0 1.1 0.03 0% 37 59% 0.29
Sudan 6.8 0.9 0.1 2.6 0.7 na 122% 54 n.a. 0.18
Cameroon 1.9 7.9 0.2 25 0.4 0.04 54% 45 65% 0.11

Source: Elaborated by authors

Notes: & O B3AE “EA (Ev eEA°V 'EAEE" %E, ®ASE" VAEef EZ f-
AEAEVAFSEAAZ -EE O 3AE “BEA $S AEAEVAFSEA 2-""> n
AEAEVAFS AEv—— 2m°p -va>«Z 1§ "90f O LvE®? 3— ®E-,EA 3- $S ,
O-EE O Ov'vAa f3AE “EA $S 2- " "®3® nlmmA«z %ae O *®@UEAE
Oe¢E O 9e@ "®3*® 33— nlmmA 3- Lé e®UEAE-E®EZ? 3®3A,-E® "«
-E® e®— -E® E"~ ,4 "2®3AAZ7 3'vEm ' eEa O UVAeV®fE 3-|—A3UE
denotes that data are unavailable.

"E ®30 f3-%VAE ESE HYEA-3A-VRfE 3- ESE VUEAV—E
v~ ESE USAAE —ABE% E3® "EEEA-e®E UsSefs VAQ
"e-—-EAER®fEA ®® : LO LEA-3A-VvRfE VfA3IAA f3E®EA.
A33U® ®® $x—EAE ms> $c—EAE ms AZ3UA ESVE v
BEA-3A-VRfE  EEUEE® ESE —A3EY% 3—- EAE “EA-3/
—A3ZEY fv® E E4% ' VE®E" ,4 -E®" e®— "e--EAERfE
"SUEA —3UEA®-E®E -E® ®®— v®~ AS3Uxe®— v Se—35d
®3ESEA "VA—E fSE®S 3— ESE “LEA-3A-VRfE ";e—-EAC
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Figure 17—Factors explaining differences in overall NARS performance
between country groups
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Figure 18—Cost per published article and number of published articles per
researcher broken down by spending size of the research system, 2009-2016
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Figure 19—Agricultural productivity growth by group of agricultural research
performance, 2000-2016
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9. The Malabo Commitment to End Hunger

and Reduce Poverty
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Figure 20—Country performance in achieving agricultural growth and
transformation goals from the Malabo Commitments, 2017
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Figure 21—Evolution of the poverty and undernourishment in Africa
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Figure 22—Groups of countries achieving high, average, and low levels of
poverty and hunger reduction between 2000 and 2018
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10. Conclusion and Policy Recommendations
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Annex A—ASTI Data Coverage
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Annex B—The knowledge Innovation Process in Agriculture
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Figure B1—Knowledge innovation process in agriculture
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Annex C—Decomposition of NARS performance indicators
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[Quality of human resources (Qfte)I A3"EfEceUceEa 3— AGAEVAfSEA]
3® E§CE‘<',EV"CEI~E€§1 3~—‘ §E-V® ACEA3EAfCI§A ajCE—ANCECE‘f3-
V™ 3® E__§.GE‘f3AE__AEAEfEEA§E 3— AE‘ACENVAf‘é aAV~"VAgEG
‘\GE Nf\{_"fE"VEQE éE:V® fv1~/2_(_E\EV" 3~— AGEACEVAfé "AéAI\ECE
AEASEAfE® ¢EvieeEd -EVAEAE ,vVAE™ 3® ESE ®E-,EA 3
« Qfte= [4x(FTE with a PhD) + 2x(FTE with MSc) + FTE with BSc] /Total FTEs
| S3eA A V® e® E4 3- SE-v® AEACEAfE (EvieEa |
e® " E4 33— m oe®Aoefv‘ECEﬁ ‘E§V‘E v ‘ACEACEV‘Af§CE\AA &
(E_(_@“CEé‘ S—p 03®\ACE[VEG‘EA EéyINE v @CE@GEVAféSE__A‘A §:
®E-~,GEA\3— $S A\CEAGEVA]iégEAA —"(EUCE\A \Y -\CEVNAEA\GE :
AEAEVAfS 2(3—-EE«ce VA ESE ®E-,EA 33— AEAEVATSS
« HKfte = Qfte x FTE= 4x(FTE with a PhD) + 2x(FTE with MSc) + FTE with BSc
iCost structure: "E EAE EU3 e®"cefVvESAA E3 "33§ VE ESE |
f3,§I§,§° Av'vAa f3AE E&A $S 20-EE« v®" ESCE AvEce?
f3AEA & O3«>»
« Sfte = Total salary costs of researchers/ FTE
* CSK = Total salary costs of researchers/Capital costs

lintensity: & EAG"~ ESE ** E3 fv fE"VEE ES3E e®UEAE-(
VFEEV' c®UEAE-E®E>
* G% = Investment gap in $/ R&D investment in $

[Size of the system: v fE"VEE" VA ESE AvEce?® EEUEE® ES3E
fSE®EAA v@" VUEAV—E Lé A%E® e®— 3- ESE Av-¥
f3-%2vA®RAS® Ece-EA mll>
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—3UEAR-E®E® —-E® " ®— ,a4 "3®3AAx® V@~ -E® " ®e®— ,a
—33"A v®" AEAU®fEA ,4a AGAEVAfS V—E®feEA® Vv
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®-%IAEVRfE 3—- E43—E®3EA "EEEA-c®V®EA E3 ESCE
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—3A ESE f3E®EA®EA-
GS=Government spending/population
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rl



Annex D—Breakdown of African Countries by Economic
Structure, Agricultural Performance, Poverty and
Undernourishment Reduction Scores.

Table D1—Groups of countries achieving high, average
and low levels of poverty reduction between 2000

and 2018
PHR PHR Change

ISO-code Country 2000 2018 (%)
TUN Tunisia 6 0.2 -97
DZA Algeria 5.6 0.4 -93
GMB Gambia, The 70.8 10.3 -85
MAR Morocco 5.8 0.9 -84
CPV Cabo Verde 16.6 3.4 -80
MRT Mauritania 19.6 6 -69
GHA Ghana 35.1 13 -63

High NAM Namibia 32.6 13.8 -58
GAB Gabon 8 3.4 -58
BWA Botswana 33.3 14.5 -56
MUS Mauritius 0.4 0.2 -50
CMR Cameroon 51.2 26 -49
ETH Ethiopia 63.4 32.6 -49
BFA Burkina Faso 81.6 43.8 -46
ZAF South Africa 34.8 18.7 -46
LSO Lesotho 50.6 27.8 -45
NER Niger 81.6 45.4 -44
TZA Tanzania 86.2 49.4 -43
MLI Mali 85.3 50.3 -41
SLE Sierra Leone 72.9 43 -41
SwWz Eswatini 48.9 29.2 -40
NGA Nigeria 65.3 39.1 -40
TCD Chad 62.7 38.1 -39

Average  UGA Uganda 66.8 41.5 -38
LBR Liberia 71.4 44.4 -38
SEN Senegal 57.4 38,5 -33
COG Congo, Rep. 55.1 38.2 -31
RWA Rwanda 78 56.5 -28
GIN Guinea 49.8 36.1 -28
MOz Mozambique 82.1 63.7 -22
SDN Sudan 15.7 12.2 -22
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Table D1 (continued)—Groups of countries achieving
high, average and low levels of poverty reduction
between 2000 and 2018

PHR PHR Change
ISO-code  Country 2000 2018 (%)
Central African

CAF Republic 84.1 65.9 -22
COD Congo, Dem. Rep. 94.3 77.2 -18
DJI Djibouti 20.2 17 -16
BDI Burundi 84.7 72.8 -14
TGO Togo 56.5 51.1 -10
BEN Benin 48.9 49.6 1
GNB Guinea-Bissau 66.6 68.4 3
Low Clv Cote d'lvoire 27 29.8 10
MWI Malawi 63.8 70.8 11
KEN Kenya 32.2 37.1 15
MDG Madagascar 63.9 77.4 21
ZMB Zambia 43.8 58.7 34
AGO Angola 36.4 51.8 42
EGY Egypt 2.4 3.8 58
ZWE Zimbabwe 21.4 33.9 58

—
Source: EE33A°A VAE" 3® 3A"" v®E§ aninm«>

Notes: I(L A ISUEAEA (EV f2E®E LVE®?® -EVAEAE" VA ESE %EAfER®EV—C
ESv® Amsul""va animm 11l %AcefEA« ]
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Table D2—Groups of countries achieving high,
average and low levels of PoU reduction between
2000 and 2018

Change
Group 1SO-code Country PoU 2000 PoU 2018 in PoU
AGO Angola 67.5 18.6 -72
BEN Benin 17.4 7.4 -57
CMR Cameroon 231 6.3 -73
DZzA Algeria 8 2.8 -65
ETH Ethiopia 47.1 19.7 -58
High GHA Ghana 15 6.5 -57
MLI Mali 16.4 51 -69
SDN Sudan 21.7 12.4 -43
SEN Senegal 24.2 9.4 -61
SLE Sierra Leone 50.7 26 -49
TGO Togo 314 20.7 -34
TUN Tunisia 4.4 2.5 -43
Burkina
BFA Faso 24.5 19.2 -22
CIv Cote d'lvoire 20.5 19.9 -3
EGY Egypt 5.3 4.7 -11
Gambia,
GMB The 18 11.9 -34
KEN Kenya 32.4 23 -29
Average MAR Morocco 6.4 4.3 -33
MOz Mozambique 36.6 32.6 -11
MUS Mauritius 5.8 5.3 -9
MWI Malawi 23.8 18.8 -21
RWA Rwanda 38.5 35.6 -8
TCD Chad 39 39.6 2
TZA Tanzania 33.1 25 -24
BWA Botswana 23.2 24.1 4
COG Congo, Rep. 27.1 28 3
CPV Cabo Verde 14.6 18.5 27
GAB Gabon 10.8 16.6 54
LBR Liberia 36.7 37.5 2
Low LSO Lesotho 20.2 32.6 61
MDG Madagascar 33.9 41.7 23
MRT Mauritania 8.4 11.9 42
NAM Namibia 13.1 14.7 12
NGA Nigeria 9.1 12.6 38
sSwz Eswatini 10.7 16.9 58
ZAF South Africa 4 5.7 43

I Source: EE33AA ,VAE" 3® 3A"" v®S§ anlnm«>
Notes: 13V A LAEUV E®fE - E® EA®EA®RAS-E®E vA %LEAfE®EV
ro



Table D3—Differences between high and low performing countries: Economic
structure and performance, 2000-2017

PHC PoU
Mean value 2001-2017 Mean value 2001-2017
Welch test Welch test
(diff. in (diff. in
High Low means) High Low means)

GDP per capita, PPP (constant 2017
international $) 7,416 2,947 ok 4,094 6,918 ok
Growth in GDP per capita (%) 2.2 11 b 2.4 1.32 *
GDP (million $2017) 115,535 91,177 - 103,705 121,564 -
Annual GDP growth 2000-2017 3.9 5.1 - 5.58 4.52 -
Labor productivity (2017 $) 21,179 7,299 e 12,842 19,352 ok
Growth in labor productivity (%) 1.6 25 - 3 1.93 -
Employment in agriculture (%) 33 58 ok 46.2 34.3 ok
Annual growth in the share of agricultural
employment 2000-2017 -2.4 -0.7 ok -1.68 -1.8 -
Agricultural VA (% GDP) 14 23 rkk 24 14 rrk
Agriculture VA (million 2011$) 12,022 13,749 - 17,492 15,674 -
Annual agricultural GDP growth 2000-2017 2.3 3.7 - 4.99 2.6 -
Manufacture VA (% GDP) 13.1 11.2 ik 115 11.7 -
Manufacture (million 2011$) 21,629 13,099 i 19,651 14,647 -
Annual manufacture growth 2000-2017 3.7 5.0 - 5.12 5.31 -
Gross fixed capital formation (% GDP) 26.3 18.0 ok 22.9 26.9 ok
Annual capital growth 2000-2017 4.6 6.5 - 7.1 4.63 -
FDI (% GDP) 35 2.8 el 3.0 6.5 ok
Annual FDI growth 2000-2017 5.2 8.1 - 6.8 4.55 -

Source;: EE§3AA° E"v,3AVE®3® ,vAE" 3® "3A"" v®S§ 2ninm«

Notes: !!'%Ol>Imee !1%OIqe %0lbm> ISUEAEA v "EUeVE®?® Se—3 %LEA-

93A3ff3e v,3 EA"E® 9VEArEV®®vVeE %SvOvVe :v-e,eve %Vv,3®ce

SEAL

EASe®v $vA3e OEES -Acefvoe 4EASESS IBUEAEA v " EU®RVE®3® %33A
LE®%E, efe 3®—3e@ E-> LE¥%> e !e,’EEece EAE® e® S3—'e E®®®®
9v'v—VvAfvAce kv-,eve ®—3've —a%Ece koe-,v,UE> (E®R—EA v " EUcv
V-EA33®e "—EA®mve ESei%eve %3vAve 9viee OE'vRe OE®E—
v EUeVE®R?® %33A LEA-A-EAA: 3EAUvOVE *®—3e LEY% e v,° EA"

9vEAeEV®eveE :v-e,eve e—EAerve AUvEe®ee O3EES -Acfl
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Table D4—Differences between best and worst performing countries: Agricult ural
production and performance, 2000-2017

PHR PoU

Mean value 2001-2017 Mean value 2001-2017

Best Worst Welch test (diff. Best Worst Welch test (diff.

performers _performers in means) performers _ performers in means)
Land productivity 2000 696 913 - 571 666 -
Growth in land productivity (%) 1.52 0.67 - 1.63 1.2 -
Labor productivity 2000 2,377 893 i 1,415 2,578 -
Growth in labor productivity (%) 1.53 -0.1 - 3.1 -0.71 ok
Land-labor ratio (hectares) 3.87 1.06 ok 2.65 3.85 -
Growth in land/worker (%) 0 -0.74 - 1.45 -1.9 il
Tractor eq. per 1000 workers 18.2 25 ** 12.39 21 -
Growth in machinery/worker (%) 0.4 -0.72 * 0.77 -0.79 *
Output growth (%) 2.05 2.6 - 453 1.11 ok
TFP growth (%) 1.01 0.04 * 1.7 0.1 ok
Total input growth (%) 1.04 2.56 rrx 2.83 1.01 Fkk
Agricultural land growth (%) 0.52 1.92 * 291 -0.08 ok
Growth in irrigated area (%) 1.94 0.85 - 1.96 0.54 *
Growth in labor use (%) 0.52 2.67 rkk 1.45 1.82 -
Growth in animal stock (%) 1.14 2.29 * 2.63 0.94 b
Growth in machinery (%) 0.91 1.95 - 2.22 1.03 -
Growth in fertilizer use (%) 2.92 5.05 * 6.19 3.12 b
Growth in the use of feed (%) 2,51 4.54 - 6.03 0.92 ook
Growth in fertilizer per hectare
(%) 2.55 3 - 3.02 3.31 -
Growth in feed/cow-equivalent
(%) 1.37 2.25 - 3.4 -0.02 **

Source;: EE&3AA° E"v,3AVE®e3® ,vAE" 3® "3A"" v®S§ 2nlnmc«
Notes: %O Imee 140 Ige '%O0bm> I30EAEa v "EUceVE®3® Se—3
93A3ff3ce v,® EAEe 9VEArEV®®vVeE %3vAvVe :v-e,eve %V,3®ce

Y E
3EA

EASe®v $VA3 e O3EES -Acfve 4EA3ES® ISUEAEA v EU®VE®3® %33A
LE®%E, "ef® 3®—3. E-> LE% e !®,3EEce EAE® ee S:—3 E®®®C
9v'v—vAfvAe kv-,cevee ®—3"vee —Aa%Ee ke-,v,UE> (E®R—CEA v "EUc
v-EA33®e "—EAmve Edeiheve %SvOve 9viee OE'vREe OERE—

vVi"EUkVE®*® %33A LEA-3A-EAAs SEAUV®vVe 3®@—3@ LE%>0e v 3 _

OVEArEV®eve v-e,eve :;e—EAeve AUVE®r®ere O3EES -A
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Annex E: Decisions of the Fourth Ordinary Session
of the Specialized Technical Committee (STC)
on Agriculture, Rural Development, Water and
Environment (ARDWE) 18— 17 December 2021
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On Boosting Investment in Agriculture Research in Africa, the STC:
148. ENDORSEDESE AE¥%3AE 3®¢ 33AE®R®— ®UEAE-E®E
—Aefv - Ee""®e®— v fVAE -3A =c®fAEVAE"~ c®UEAE-C
149. REQUESTEDAY E-,EA OEVEEA E3.
« LveAE v®" Eawnv®" ESE "EUE" 3—- v—AoefE"EEA\
e®®UEAE-E®E E3® Vv "AEAA AEAEV®E®V, " E v—AefE"I
E®U®rA3®-E®EV" v®™ A3feev’ fSV I E®—EA® v—A®fE"
ESE Ace¢E v®" -%ASUE ESE ¢Ev eEa 3— ESExrA BLA3-
c IA3Ue"E v -3AE E®V, e®— ¥%3";efa E®UEAI®-ER®E |
e®®UEAE ® V—A®fE'EEAV: AGAEVAfS vR- "EUE "3%-
Lé -E® ®®®— -EfSv®meA-Ae
. EUE"3% AAAEE-vEef SE-v® AEASEAfE AEAVEE-
VREm®feW%VEE" A8 "A —v¥%A VR~ EAvee®®e®— ®EE"A>
®f3EAV—E ESE "3%E®e3® 3—- ESE SEEf3-E 3—- ESE v}
-VA-EA "EUE" ESASE—3 v A3 AVEE EAEE®A®E3I® v
3@ ESE A-v'" —VA-EAAA ®REE A v®" Ee""®®— ESE®A
150. URGED% "3,v e 3®E®e®E®EV'ee LE—®3®v" v®" OE, AGE
f3""v,3AvVE®3® UeES Ve L A& 9E-,EA AEVEEA E3 EG
v~ %LA3-3EE fA3AA f3E®EAA f3""v,3AVE®UE Lé E3 AE"
f3-%"E-E®REVARE®EA?Z
151. URGED"EUE"3%-E®E “VAE®EAA E3 U3A§ ®® f3""v
V | E3 AE%W%IAE -E-,EA AEVEEA Lé %A3—Av--E/
f3-%."E-E®E ESE ®VE®3®V' ®EE A ,VAE" 2® EA ®“A®
152. ENCOURAGEDA e UVE®E AEfE3A E3 c®fAEVAE ESE®RA o
VA UE"" VA E3 E®f3EAV—CE IE,"ef°IAUVEE IVAE®EAA
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Annex F: Decisions of the African Union Executive
Council Fortieth Ordinary Session 02 - 03 February
2022, Addis Ababa, Ethiopia.
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EX.CL/Dec.1144(XL)
IV. THE 4TH ORDINARY SESSION OF THE STC ON AGRICULTURE, RURAI
DEVELOPMENT, WATER AND ENVIRONMENT (ARDWE), 13-17 DECEMBER 2021
The Executive Council,
44, TAKES NOTE2— ESE LEW%SAE 33— ESE $3EAES O%BEfrev e
-EEE®x®— 3® —A®fE'EEAE® LEAV: EUE3%-E®E v
EfE-,EA nlnm v®~ : ?2LO O ESE AEf3--E® VE®3I®A E:
45. COMMENDSESE 90 ®®eAEEAA AEA%I®A®, E -3A —Ac
"VEEA v~ ®UeA3®-E®E -3A ESE AEffEAA-E" §3""®@®
LEAv: EUE 3%-E®E®e 'VEEA v®" ®U®xA3®-E®E>
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