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Foreword

Over itslifetime, the Consultative Group on International Agricultural Research (CGIAR) has invested 40%
of its resources on research and capacity strengthening of agriculture in sub-Saharan Africa (SSA). While
there are differing impressions of the impact of this investment on the livelihoods, health and prosperity
of Africans, there has been no consensus on the issue, nor has a systematic, analytical attempt been made
to obtain a clearer picture of the overall impact of the CGIAR in the region. Various stakeholders urged
the Science Council’s Standing Panel on Impact Assessment (SPIA) to do a more quantitative assessment
of the impact of CGIAR investment in SSA as a follow-up to an earlier desk study of available evidence of
such impacts (Gryseels and Groenewold, 2001). Mywish Maredia (team leader) and David Raitzer were
contracted to undertake the study.

This study follows the meta-analysis process, and adopts the same general objectives that guided the meta-
analysis of overall CGIAR costs and benefits by Raitzer (2003). The study is a form of break-even analysis
that asks the question, “Can the benefits estimated in the limited number of credible impact assessments
available to date justify the entire expenditure of the CGIAR in SSA?” If the answer is negative but benefits
remain unquantified, there is a need to search for additional credible evidence of benefits. If the answer is
positive, there is less need to search for additional evidence of benefits from an accountability perspective,
but there is still a need for more assessments to be made across the full range of research and research-
related activities to help inform future priorities.

Based on the review of the study results, SPIA derived the following conclusions from the assessment:

* Only a few credible impact assessment studies with plausible results have been carried out by the
CGIAR—national agricultural research systems (NARS) in SSA. These assessments focus on two main
research areas: biological control; and crop germplasm improvement (CGI). The economic benefits of
biological control represent 80% of the total; and the benefits of CGI, most of the remainder.

* There is need for a more comprehensive coverage of other research themes in future impact
assessments in SSA. Among these are breeding of improved varieties of cowpea, pigeonpea, plantain,
soybean, sweet potato, and yam; genetic improvement of fish; natural resource management (NRM);
biodiversity; enhancing governance; improving policy; and strengthening NARS. In some cases, many
studies of the dynamics and determinants of adoption are either completed or underway, and need to
be systematically analyzed, synthesized, scaled up and extended by the centers into comprehensive
impact assessment studies.

* By 2004, a small number of successful projects which had impressive documented impacts and
representing only 5% of CGIAR—-NARS total research investments in SSA, had recovered the entire
cumulative investment of these institutions over a period of 35 years. A projection of benefit flows for
these same successful projects beyond 2004 shows that only 5% of CGIAR—NARS research investments
could generate more than US$1.5 in benefits for every US$1 invested.

* The probable actual benefits from CGTAR—NARS investment in the region are likely to be much higher
than those calculated using just the few documented major research successes. This is because selected
impact studies represent less than 7% of the 367 studies reviewed by the authors.

» Very few studies that measure or document the social, equity, environmental, or health impacts of
agricultural research were found. This is not peculiar to the SSA region, but represents the profile
of impact assessment literature globally and reflects the fact that the methodology for quantifying
productivity impacts of research outputs/outcomes is much more advanced than quantifying other
types of research impacts.
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SPIA recognizes the limitations of the study, most of which are discussed by the authors. The possible
negative impacts associated with the research investments were not analyzed, since the focus was only
on economic impacts. The assessment did not include spill-overs to and spill-ins from other regions;
figures available on the costs incurred by NARS partners in the above research were difficult to estimate.
The perceived but not-included benefits from CGIAR partner research are substantial and are likely to
change the results of the study by making the calculated benefit-cost ratios (BCRs) represent lower-bound
estimates.

This assessment represents the first phase of an overall initiative by SPIA to assess impacts of CGIAR
research in various regions. It responds to the need for accountability at the regional level, both to donors
and to regional members, stakeholders, and clients.

In early 2005, SPIA decided to conduct scoping studies for each geographic region where CGIAR research
is carried out, starting with SSA. Following this, it would consider the results of each study, and then
decide if a second, more detailed study was needed and, if so, what priority it should be given in terms of
the overall regional impact assessment initiative and SPIA’s work plan, given the limitations in budget
and capacity. Given the results of the scoping study for SSA, and the considerably higher costs involved in
further assessment that would involve primary data collection in the region, SPIA came to the following
conclusions:

« CGIAR centers need to be strongly encouraged to undertake higher-quality ex post impact assessments
of all their major research and that of their NARS partners in SSA. These assessments should build
upon the numerous adoption studies that have been or are being done.

» SPIA should give priority to initiating a scoping study in another region in 2006, and revisit the impact
assessment needs of SSA when centers have higher quality and comprehensive impact assessments
for the region.

» For a possible next round of center-based impact assessments, SPIA is willing to work with centers in
selecting a complementary set of research projects or programs focused on SSA.

SPIA wishes to thank the study team for a thorough and enlightening overall assessment based on the

available scattered evidence of the impacts of the CGIAR in SSA.

Hans Gregersen Jim Ryan

Former Chair Current Chair

CGIAR Science Council, CGIAR Science Council,

Standing Panel on Impact Assessment Standing Panel on Impact Assessment
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Summary

Sub-Saharan Africa (SSA) is a region better known for its food security failures than its successful
development initiatives. In this context, the contributions made by the Consultative Group on International
Agricultural Research (CGIAR) and its partners (principally, national agricultural research systems
(NARS)) in the region to benefits generated for farmers, consumers, and the environment, are often
overshadowed by negative or stagnant overall trends. As a result, this analysis attempts to identify, assess,
and synthesize available evidence on the impact of agricultural research, so as to offer a systematic answer
to the question: “Have the investments made by CGIAR-NARS in SSA been justified by documented
benefits to date?”

To answer this question, a comprehensive inventory of all impact assessments of research outputs
attributable in part to the CGIAR system in SSA was made. This inventory identified hundreds of studies of
technology adoption, although the vast majority turned out to be small-scale studies of adoption dynamics.
A smaller body of literature was also identified for aggregate areas of adoption, and these studies illustrate
large areas of adoption of crop varieties derived from improved germplasm. In aggregate, these studies
estimate that over 11 million hectares (ha) are currently planted to CGIAR-derived varieties in the region.
However, apart from adoption of improved varieties or biocontrol, there are few cases where adoption of
research outputs has progressed beyond tens of thousands of hectares.

In order to quantify the aggregate economic benefits stemming from CGIAR-NARS research in SSA, a
meta-analysis approach was taken. Twenty-two studies were identified for the calculation of aggregate
rates of return for CGIAR and partner investments in the region. These studies have were then appraised
against a review framework consisting of principles, criteria, and indicators for study rigor. The economic
benefits reported by studies were then grouped on the basis of analytical rigor, and then aggregated and
set against total investment by the CGIAR-NARS to determine if the total investment to date is justified
under a range of assumptions.

The study found that aggregate investment is justified under a fairly wide range of suppositions, provided
that benefits continue at their reported levels beyond 2004 (ex post + ex ante scenario). If only reported
benefits up to 2004 are included (ex post scenario), the benefit—cost ratio (BCR) falls to less than unity for
the most conservative meta-analysis category of substantially demonstrated benefits. However, a number
of studies only calculate a single year of annual research benefits when benefits have been observed to
continue for a number of years; therefore, this treatment is probably excessively conservative. Under the
less conservative assumptions about benefit duration (ex post + ex ante) aggregate BCRs range between
1.12 and 1.64.

Under all meta-analysis scenarios, the vast majority of documented benefits stem from a relatively limited
array of activities. Biological control results in more than 80% of all benefits in all scenarios. More than
90% of these biological control benefits are attributed to control of the cassava mealybug. Close to 20%
of total benefits result from the genetic improvement of crops, and less than 1% result from all other
activities. The benefits included for crop germplasm improvement (CGI) represent the impacts realized
over different time periods on 8.9 million ha (out of 11 million ha) planted to CGIAR-related varieties in
the late 1990s.
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Itis an impressive achievement that aggregate documented benefits well exceed CGIAR-NARS investment
in SSA. However, there remains significant scope to estimate the benefits from agricultural investments
in the region. A substantial proportion of documented wide-scale and long-term adoption of improved
varieties has never been subject to rigorous impact assessment. For example, the included benefits from
more than one-half of the 8.9 million ha planted to CGIAR-related varieties represent benefits from only
one year of adoption data. Appropriate methods are also currently being developed for other portions of
the CGIAR portfolio. Thus, in time, even the most generous of the aggregate ratios reported here should
prove to be an underestimate, provided that additional effort is invested in further assessment.
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. Introduction

The Consultative Group on International Agricultural Research (CGIAR) was established in 1971 to
mobilize agricultural science and provide financial support to address widespread food insecurity problems
in many developing countries. Since its establishment, the CGIAR system has invested more than US$7
billion in various research and development activities related to poverty, resources conservation, and
nutrition. Over the years, several studies have documented the track record of CGIAR researchers in
delivering results that improve people’s lives and help protect the environment (Pingali, 2001; Gardner,
2003). In recent years, the Standing Panel on Impact Assessment (SPIA) has sponsored several studies
to document the impacts of CGIAR centers at a system level. These studies provide clear evidence that
the investments made by the CGIAR have been productive. For example, a recent meta-analysis study of
the aggregate costs and benefits of the CGIAR system shows a benefit—cost ratio (BCR) in excess of one
(Raitzer, 2003). The comprehensive systemwide study by Evenson and Gollin (2003) on the impacts of
crop germplasm improvement (CGI) research contends that in its absence, world food production would
have been 4—5% lower in developing countries, and 13—15 million more children would have suffered
from hunger and malnourishment.

While the global impacts of agricultural research carried out by the centers have been relatively well
documented, clear evidence of CGIAR regional impacts, especially in sub-Saharan Africa (SSA), is less
apparent. The meta-analysis study of rates of return by Alston et al. (2000) documents 47 studies of impact
assessment in SSA based on a survey of literature between 1958 and 1997. Only four out of these 47 studies
assess agricultural research that was primarily conducted by a CGIAR center (Alston et al., 2000). The
other studies are classified as research conducted by governments (40), universities (1), or others (2). It
is very likely that many of the studies conducted by governments or others may have indirectly benefited
from CGIAR research but, with only 4 out of 47 studies actually classified as research performed by a
CGIAR center, it is clear that the evidence of CGIAR research impacts in SSA is not well documented.

Since its inception 35 years ago, it is estimated that about 41% of CGIAR resources have been allocated to
solving problems specific to the needs of the SSA region. In the face of several well-documented failures of
new technologies (Carter, 1995), donors continue to raise questions about the value added by the CGIAR
system in SSA. Yet, case studies and regional overviews conducted in the recent past do provide evidence
that the CGIAR and its partners have made substantial contributions to agricultural development in Africa*
(Gryseels and Groenewold, 2001). However, much work remains to be done before a clear, quantitative
and more comprehensive picture of the impact of the CGIAR investment in SSA emerges.

This study represents the first phase of an overall initiative by SPIA to assess impacts of CGIAR research
in SSA. The overall initiative relates to the need for accountability at the regional level, both to donors
and clients. As a phase I study, the aim of this report is to fill some of the knowledge gaps by undertaking
arigorous and comprehensive documentation, synthesis and assessment of the available evidence on the
impacts of new technologies and improved policies as a result of research investment by CGTAR—NARS
(national agricultural research systems) partnerships in SSA. The study aims to:

1. Build a systematic and comprehensive inventory of all the available ex post impact assessments of
agricultural research done by CGIAR-NARS partnerships in SSA.

! Unless specifically stated otherwise, the term ‘Africa’ in this paper refers to sub-Saharan Africa.

Evidence of Impact to date — 3



2. Critically review this collection of impact studies and document data pertaining to the methodology
used, impact indicators, adoption rates, internal rates of return (IRR), household income effects,
gender implications, policy assessment, and other factors.

3. Analyze the data with the aim of providing a more complete understanding of the impacts of agricultural
research.

4. Determine the additional efforts needed to better document the contributions and impacts of CGIAR—
NARS research (i.e. make recommendations for a possible phase II of the overall SPIA initiative).

The relationship between the CGIAR and NARS worldwide has changed significantly since the CGIAR
was founded in 1971 (Gardner, 2003). In SSA (as well as other regions) there are two distinct types of
relationship. For one group of countries, mainly large ones such as Kenya and Nigeria, the role of the
CGIAR has changed from that of mentor to NARS and other research and development agencies to
that of a partner and facilitator. For the other group of countries, mainly smaller, poorer ones, where
both NARS and the private sector are weak, the CGIAR still plays a mentorship role. In either case, the
specific contributions of the CGIAR cannot be rigorously separated from those of NARS. Nearly all CGIAR
research results, outputs and products are disseminated to end users through partnerships that have been
created between CGIAR, NARS, advanced research institutes, and extension specialists in these countries.
Thus, although the focus of this study is on the resources invested by the CGIAR system, references made
to the contributions of the CGIAR are those of a partnership. In the quantitative analysis of costs and
documented benefits presented here, the corresponding NARS and other partner costs are estimated and
included to reflect this partnership and joint ownership of realized benefits.

This report begins by discussing the framework used to document, synthesize, and assess the evidence
of impacts. This is followed by a description of the methods of identifying and building an inventory and
database of impact studies, along with the content and profile of this database. Next comes documentation
of evidence of the impacts of CGIAR research in SSA. This is based on sampling the database of major
outputs of CGIAR research in SSA, indicators of change in productivity, adoption of technology, and
impacts. The next section describes the application and results of the meta-analysis framework used to
synthesize the evidence of economic impacts. The final section provides conclusions, which draw upon the
results of the literature review and the meta-analysis. The shortcomings of this study are also discussed
and some recommendations for future action by the CGIAR and SPIA are made.
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2. Study Framework

The organizational framework used to document, synthesize and assess the available evidence on the
impacts of research in SSA follows the generalized steps of the simplified research-to-impact pathway
presented in Figure 1.2 The term ‘research inputs’ refers to the efforts and total resource investments
(human, financial, and physical) to which the outputs and, ultimately, the impacts are attributed.
Documenting the research inputs is the first step in this impact assessment. The most common measure
of research inputs that is documented is financial investment (in monetary units). These are considered
as the costs against which the benefits of research (impacts) are compared in order to assess the returns
on research investment.

Figure I. Steps in the research-to-impact pathway

Change in
Research . ‘efficiency’,
R?:e:::h —>) outputs/ —) ﬁ\?lEZEs:: —| ‘effectiveness’ or Impacts
P Outcomes ‘productivity’ at

adopter-level

The second step is to identify and document research outputs or outcomes.? These can be tangible (e.g.,
a new variety) or non-tangible (e.g., a new method or a new policy recommendation) outputs or outcomes.
A requirement, however, is that the research outputs must be improved compared with previously
available technologies or practices. In order to have recognized impacts, research outputs must result in
a change in efficiency, effectiveness, productivity, risk, sustainability, or distribution of benefits from the
system in which they are used. Documented adoption of research outputs by end users is a necessary, but
insufficient indicator of impact, if these consequences are not analyzed. Assessing the change in efficiency
and productivity measures at the adopter level (e.g., farm-level impacts) and estimating the adoption of
research outputs are two key intermediary steps before the impacts of research can be assessed against
a counterfactual scenario (a scenario without the research-derived intervention). A necessary step in
impact assessment is the quantification and aggregation of positive and negative benefits attributed to
the research output and its adoption. This is achieved by comparing the levels of benefits that have been
realized with those that would have occurred in the absence of the assessed research. These benefits
(positive and negative) include environmental, social, economic, and health benefits. Thus, the last step —
assessment of research impacts — can take many forms depending on the type of research output and the
objectives of the study. However, the methodology for quantifying economic benefits from yield changes
is much more advanced than for quantifying other types of impacts. The quantified benefits (net of all
negative benefits) are often compared with measures of research inputs to produce indicators of impacts
that can be compared across investment portfolios.

2 Although Figure 1 is linear and has only five general steps, such simplistic representation is for illustrative purposes only. It
is recognized that many impact pathways may involve considerably more steps and iterations. For example, policy-oriented
research outputs are not directly adopted, but can exert influence on decision-making in ways that may affect the effectiveness
of government actions.

3 While the research outputs referred here are adoptable research products, it is recognized that there are often a series of
intermediate outputs and adoption events within the broader research and development process. For example, research by a
CGIAR Centre may result in an improved breeding technique which can be applied by plant breeders worldwide in the breeding
of improved varieties to be adopted by farmers.
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Studies that assess impacts of research have to estimate and document all the intermediary steps of
the research-to-impact process. However, there are numerous studies that only document evidence of
intermediary steps but do not assess the impacts. This study inventories all of the ex post impact studies
of CGIAR research with the aim of identifying studies that fall into each of these different steps of the
impact pathway. Thus, although the main objective of this report is to assess and document impacts, a
synthesis of evidence from sample studies that fall into the other steps (research outputs, and change in
productivity and adoption) is also given. The report thus gives a general overview of the evidence found in
the literature of CGIAR impacts in SSA along with the whole research-to-impact pathway.

Inventory of ex post impact assessments

Figure 2 presents the overall approach that was used to build the inventory and develop the database of
selected studies. It is essentially a four-step process that involves performing a literature search (step 1);
identifying relevant studies (step 2); selecting appropriate studies for review (step 3); and performing the
meta-analysis (step 4).

Figure 2. Approach used in building the inventory and developing the database for the review
and meta-analysis

STEP I:

Identify impact studies of
CGIAR research in SSA
through literature search

|

List of possible ex post
impact and adoption
studies of CGIAR in SSA
(367)

STEP 2:

—> ldentify studies focused
on SSA, appear to be
ex post impact/adoption
studies, have some
connection with a
CGIAR center/technology

|

STEP 3:
Pool of relevant studies [—» ldentify impact studies
(171) and a sub-sample of
papers for further review

|

Database of selected
studies for review
(63)

STEP 4:

— ldentify economic impact
studies for meta-analysis
of costs and benefits

|

List of studies for

meta-analysis
(23)
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Step 1: The following sources of information were used to develop a comprehensive inventory of possible
CGIAR-center ex post impact and adoption studies in SSA: 1) the impact website of the CGIAR (http://
impact.cgiar.org/); 2) a literature search using web-based databases; and 3) verification and further
additions to the list given by respective CGIAR centers.

Step 2: The initial inventory contained a list of 367 studies*. However, upon closer scrutiny, many of these
studies were found to be irrelevant to the objectives of this study. The authors further filtered the list and
classified 171 studies as relevant for further review.

Table 1 gives a summary profile of the 171 relevant studies that form the population of this assessment.
These studies are attributed to 12 CGIAR centers and their NARS partners. A large number of studies are
attributed to three commodity-focused centers — Centro Internacional de Mejoramiento de Maiz y Trigo
(CIMMYT; the International Maize and Wheat Improvement Center), the Africa Rice Center, formerly
West African Rice Development Association (WARDA), and the International Institute of Tropical
Agriculture (IITA). This is not surprising, since these centers have exclusive (WARDA and IITA) or major
(CIMMYT) mandates for agricultural research in SSA. The relatively large number of studies focusing on
West and East Africa also reflects the geographic mandates of these three centers. A number of studies
included in this database are also global impact studies that specifically identify the regional impacts of
CGIAR research in SSA as part of the global assessment.

Out of the total 171 relevant studies, a majority (107) assess adoption of research outputs or technologies.
In terms of types of impacts assessed, very few studies measure the social, equity, environmental, or health
impacts of agricultural research. This is not a unique feature of impact studies in the SSA region, but
represents the profile of the impact assessment literature globally. It reflects the fact that the methodology
for quantifying productivity and income outputs is much more advanced than that for quantifying other
types of research outputs.

The following should be noted regarding the database of relevant studies:

« The list includes all studies that, based on the cursory review of the title and/or summary, appear to
be ex post impact assessment studies of research done by the CGIAR and its NARS partners.

« The authors have made no attempt to further reduce this list to avoid duplication of some studies that
may have been published in different forms (e.g., as a CGIAR center working paper or journal article),
or studies that review papers based on other impact case studies. Hence, studies dealing with the same
case or example of a technology may be duplicated if published via several outlets.5

Based on these two disclaimers, the authors believe that this initial database actually includes more studies
than would potentially qualify as ex post impact case studies of CGIAR research in SSA.

Step 3: Given the limited timeframe for conducting this study and the disclaimers noted above, the authors
identified a smaller set of the adoption and impact studies inventoried in the database. The selection
criteria for the sub-sample were based on the type of study and its availability or accessibility to the
authors. The goals were to: 1) include as many studies as possible that documented large-scale adoption

4 Although this study attempts to assess the impacts of CGIAR—-NARS research in SSA, the main focus is primarily on impacts of
technologies, outputs or outcomes that can be clearly attributed, at least in part, to the CGIAR. Thus, impact studies of NARS
outputs, outcomes or technologies were not targeted in this search. It is possible that due to this primary focus on CGIAR impact
studies, the authors may have missed some impact assessments conducted by NARS partners on technologies that may have
been derived from CGIAR input.

5 The database in step 2 included around 30 studies that were either duplicative or were reviews of previous impact case studies.
In subsequent steps, duplicative studies were excluded from the review process.
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Table 1.  Profile of impact studies included in the relevant database (step 2)

WARDA 39
IITA 34
CIMMYT 30
ICRISAT 17
ICRAF I5
CIAT I
CIP 8
ILRI 8
WorldFish 3
IFPRI 2
Other (i.e. SPIA and collaborative research support programs) 2
ICARDA I
IPGRI I
Total 171
West Africa 72
East Africa 43
Southern Africa 19
Central Africa 9
Continent-wide 14
Global (Africa as one of the regions) 20

Adoption 107
Productivity 8l
Equity 7
Social 7
Other (environment, health, policy, or training) 12

? For an explanation of acronyms see acronym list, page viii
b Some studies may focus on more than one region.
¢ Some studies may assess more than one type of impact.

and assessed economic, social, environmental, and other impacts, and a sample of review papers that
provided summary assessment of impacts or adoption of specific technologies; and 2) weed out studies
that were small-scale adoption studies, were duplicative, were difficult to access due to incomplete citation
information in the database, or were listed as unpublished reports or mimeos. Based on these criteria, the
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review list was reduced to 63 studies: 52 impact studies and 11 review or adoption papers. Annexes B and
C list these studies and provide summaries of relevant information.

The following are some of the key observations made on the adoption and impact assessment literature.

1. A majority (about two-thirds) of the studies assessed impacts of CGI research performed by CGIAR-
NARS partnerships. Ten percent of the studies dealt with environment-protection technologies. Only
two studies dealt with the assessment of research that improves policies or strengthens NARS.

2. About 41% of the studies in the database were published in peer-reviewed journals or as book
chapters; 37% were published as center publications, and the remaining 22% were either conference
and workshop papers or unpublished reports.

3. In terms of impact assessment studies by region, about 46% of the studies focused on adoption or
impact assessment in West and Central Africa, and 37% on East and southern Africa. A few studies
(17%) were either global or focused on the entire African continent.

4. The highest percentage of studies (42%) assessed impacts at a micro level in a particular country.
Studies assessing macro-level impacts a country, region, or continent were relatively few (12%, 19%,
and 8%, respectively).

5. More than half (28) of the 52 impact studies documented adoption and/or farm-level impacts of
agricultural research. Some 24 studies documented the aggregate benefits for a year or a given
time period.

Step 4: The analysis focused on a critical review of 23 of the 24 studies that documented aggregate benefits
of CGIAR-NARS research in SSA. To make sure that this subset of 23 studies did not overlook any major
impact study of CGIAR research in SSA, this list was verified against the list of 47 rates of return studies
for SSA documented by Alston et al. (2000) (see Annex A).° Six studies were found common to both the
lists — four studies that were classified by Alston et al. (2000) as assessment of research performed by a
CGIAR center in SSA, and one each by a government or other organization. The other 41 studies in the
list could not be explicitly attributed to the CGIAR and hence were excluded from the database. Of the 23
studies included in this work, the 17 that are not part of the meta-analysis by Alston et al. are all studies
conducted or published after 1997.7

The review process is based on the framework of principles, criteria, and indicators for study credibility
given in Raitzer (2003), which is derived from a selective review of the methodological literature. On
the basis of the assessment of individual impact studies against this framework, three basic categories
of benefit aggregation were constructed — potential, plausible, and substantially demonstrated. Benefits
documented in the reviewed studies were then aggregated for each of the three categories and compared
with total investment by the CGIAR-NARS partnership.

The CGIAR centers with substantial involvement in SSA were also contacted to verify this list to make sure no major studies
of aggregate impacts were missed. The Centro Internacional de Agricultura Tropical (CIAT; International Center for Tropical
Agriculture) has recently completed a major study of impact assessment of bean research in eastern and southern Africa.
However, this study was not published by the time this report was completed and hence not included in the review and meta-
analysis. The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) brought to the authors’ attention
additional impact studies, two of which appeared appropriate (but small-scale) studies based on their titles. However, they were
not accessible and hence not included in the review by the time this report was submitted. Other than these exceptions, no major
impact studies that met the review criteria were identified by the CGIAR centers for inclusion.

7 Evenson (2001) also provides a comprehensive list of rate-of-return studies globally. A quick review of this list also confirmed
that there were no major CGIAR impact studies in SSA that were overlooked by this study.
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3. Tracing the Research-to-lImpact Pathway for CGIAR
Research in Sub-Saharan Africa

Review of CGIAR research inputs in sub-Saharan Africa

Since its inception, the CGIAR has invested more than 40% of its annual budget in developing SSA
agriculture. In nominal dollars® (i.e. the value of the dollar at that time), this amounted to US$14 million
out of the US$32 million annual total expenditure of the CGIAR system in the early 1970s; and US$174
million out of the US$389 million annual total expenditure in the early 2000s (Figure 3). In 2004, it was
estimated that since its inception the CGIAR had invested more than US$3.2 billion in nominal dollars
(US$4.3 billion in real dollars) in SSA.

Figure 3. Total (core and restricted) CGIAR expenditures: systemwide and by sub-Saharan Africa region,
1972-2003

450 1 —m— Systemwide
400 - —— Sub-Saharan Africa

350
300
250
200 —

US$ (million)

150 —
100 —
50

T T T T T T 1
1972-75 1976-80 1981-85 1986-90 1991-95 199600 2001-04

Source: CGIAR Financial Reports (various)

The CGIAR originally consisted of four agricultural research centers: CIMMYT, the International Rice
Research Institute (IRRI), IITA, and the Centro Internacional de Agricultura Tropical (CIAT; International
Center for Tropical Agriculture). Only one of these centers (IITA) had headquarters in SSA. Today, there
are 15 CGIAR centers® conducting research on a variety of issues worldwide. Four of these centers, the
World Agroforestry Center (ICRAF), the International Livestock Research Institute (ILRI), WARDA, and
IITA, have their headquarters in the region; and the other 11 centers have some degree of involvement in
the region. CGIAR center involvement in SSA ranges from devoting less than 5% of annual budget (IRRI),
to almost 100% (WARDA and IITA) (Table 2). Centers that are based in other regions but have major
involvement in SSA, as reflected by the share of their annual budget expended for SSA in 2000-2004,
include CIMMYT (37%); International Crops Research Institute for the Semi-Arid Tropics (ICRISAT)

8 Unless otherwise specified, all amounts quoted in this document are in nominal US$. Unless otherwise specified, amounts
quoted in real dollars are in US$2004.

9 This does not include ISNAR, which was dissolved in 2004 and became a division of IFPRI. However, the budget figures and
related discussion in this paper, which is based on data up to 2004, includes ISNAR as one of the centers.
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(50%); the International Food Policy Research Institute (IFPRI) (49%) and International Service for
National Agricultural Research (ISNAR) (44%). In absolute terms, the resources devoted by different
centers to SSA between 2000 and 2004 range from US$1.2 million by IRRI, to US$33.3 million per year
by IITA (Figure 4). IITA is by far the largest contributor in the CGIAR system to agricultural research
and development efforts in SSA. Other centers that invest significant resources in SSA include, ICRAF at
US$19.4 million per year; ILRI at US$19.2 million per year; CIMMYT at US$14.7 million per year; and
WARDA at US$9.9 million per year (Figure 4).

Figure 4. Expenditures by CGIAR centers in sub-Saharan Africa, 2000-2004

IRRI
IWMI
ISNAR
ICARDA
WorldFish
CIFOR
CIP
IPGRI
CIAT
WARDA
IFPRI
ICRISAT
CIMMYT
ILRI
ICRAF
IITA

T T T T
0 5 10 15 20 25 30 35
Expenditures (US$ million/year)

Source: CGIAR Financial Reports (2004)

CGIAR research in SSA focuses on the full range of the system’s global research portfolio encompassing
genetic improvement of food crops, ruminant livestock, trees and fish, and integrated natural resources
management, including biodiversity research, policy research, and capacity building. Budget data on how
each CGIAR center allocates its resources to each of these activities in SSA are not available. However, the
data presented in Figure 5 on the 2000—2004 percentage share of total CGIAR expenditures on outputs
such as germplasm improvement, germplasm collection, sustainable production, improving policies,
and strengthening NARS, are a good indicator of resource allocation. The majority of resources within
that period were devoted to research activities that promote sustainable production (35%), strengthen
NARS (22%), promote germplasm improvement (18%), improve policies (15%), and promote germplasm
collection (11%).

Prior to 2003, the categories of program outputs reported included increasing productivity (germplasm
improvement), protecting the environment, biodiversity conservation, improving policies, and
strengthening NARS."® Applying the systemwide percentage share data from 1972 to 2002 to these
categories of program outputs for the same time period gives an indicator of resources expended in the
region on different outputs over time (Figure 6). It is worth noting that activities focusing on increasing

19 The discussion in this paper of research inputs, outputs and impacts is based on this general framework of research agenda
output categories, which is used by the CGIAR centers for reporting purposes. However, we recognize that these and the more
recent categories of research outputs (Figure 5) are not mutually exclusive. Research targeted by a center towards an agenda
(e.g., improving policies) may contribute to several outputs (e.g., strengthening NARS and protecting the environment).
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Figure 5.

Percentage of total CGIAR budget expended on different program outputs, 2004

Germplasm
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Source: CGIAR Financial Reports (2004)

Figure 6.
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Program expenditures by outputs by the CGIAR in sub-Saharan Africa, 1972-2002
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Source: Calculated by authors based on percentage share of each program agenda in total CGIAR expenditures

productivity were dominant in the program agenda in the first two decades. However, in subsequent
decades, resources devoted to increasing productivity declined both in absolute terms (from US$74
million per year in the late 1980s to US$55 million per year in 2002) and in relative terms (from 63% of
total expenditures to 34% in the same time period). Strengthening NARS, has remained an important
objective throughout the existence of the CGIAR. The system has consistently devoted about 20—22% of
its total annual expenditures to this program output. Additionally, efforts towards improving policies,
biodiversity conservation, and protecting the environment or natural resources have increased over time.
In 2002, more than 40% of the total CGIAR system budget (US$70 million) was spent on these three

program outputs.
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Adoption and potential impacts of CGIAR research in sub-Saharan Africa

Achievements of the CGIAR system in SSA have been the subject of several reviews in the past (e.g.,
Gryseels and Groenewold, 2001; Eicher and Rukuni, 2003). This section summarizes the adoption of
major outputs directly attributed to CGIAR—NARS partnerships in SSA and their potential impacts. The
focus is on research occurring specifically on SSA and not on spill-overs from global efforts. Similarly,
spill-over effects of SSA-specific research into other regions, and NARS-exclusive research are excluded
from this review."

This discussion is organized by the five program goals of the CGIAR system: increasing productivity;
protecting the environment; biodiversity conservation; improving policies; and strengthening NARS.
Table 3 provides a representative list of types of research and other activities undertaken by the CGIAR and
potential outputs under these five program agenda. This is not a comprehensive list of all the outputs of the
research efforts of CGIAR, but is meant to give a broad picture of the types of outputs that can result from
CGIAR research activities. The outputs range from tangible ones like improved crop varieties, tree species
or animal breeds; germplasm collected or conserved; and numbers of people trained; to intangible ones
like improved management practices, policy recommendations, development of research methodologies,
and contributions to scientific advancement. Since the focus of this study is on the documented impacts,
rather than outputs, no attempt is made to survey each center and make a comprehensive list of all their
outputs in the context of SSA.

Table 3 also lists the 52 impact studies identified in step 3 of the research-to-impact pathway discussed
earlier. As expected, improved crop varieties comprise the category of outputs with the most documented
impact studies (34). Nine of these simply document adoption'?, nine assess farm-level impacts, and 16
are fully-fledged impact studies that assess benefits of research at an aggregate level. Other major outputs
assessed by the reviewed studies include farm management practices, introduction of control agents,
other improved inputs, and soil management practices. The list also includes one study each that assesses
post-harvest technology, policy recommendation, and training. None of the studies reviewed document
impacts of any outputs under the biodiversity conservation research agenda.

Thelargenumber of studies documenting research on theimpacts of productivity enhancement corresponds
with the level of resources historically devoted to this portion of the research agenda. However, the few
impact studies for outputs in other research agenda categories should not necessarily be interpreted as a
lack of impact in those categories. This is because there are methodological difficulties in assessing impacts
of certain types of research and development activities. The adoption of outputs from research that result
in information or ideas may be more difficult to trace than the uptake of technologies. Furthermore, data
for trends in non-productivity related benefits are often not readily available, and counterfactual scenarios
may be particularly difficult to derive when the benefits of research are in the form of losses avoided.

More than half of the 52 reviewed studies document adoption in terms of numbers of farmers using
a given technology over a certain affected production area, or estimate adopter-level impacts (e.g.,
increased yields, income, employment opportunities, improved nutrition, and gender impacts). Twenty-
three studies are classified as impact studies that extrapolate benefits at an aggregate level (province,

' For example, these include later generation outputs or technologies resulting from NARS research that are not distinctly
(or directly) attributable to a partnership with the CGIAR system, even though contributions of such a partnership in early
generation research and the overall outputs are acknowledged.

2 Studies referred to in this paper as ‘documenting adoption’ and classified in Annex A and Table 3 as impact studies under the
‘adoption’ category include analyses that document the extent of adoption of a CGIAR technology/product, but do not present
any in-depth analysis of adopter-level or economy-wide benefits.

Evidence of Impact to date — 15



142

91

$924N0Sa. 159.10}
Jo quswadeuew paroidwi/meN

sa24nosaJ dnenbe SulAll

Joj 1e31qRY © SE puB aJnndlise

01 Indul U. S $92UN0SaU J3IBM

Jo quswadeuew parosdwi/meN
saondedd [njwaey Aj[BIuaWwuodIAuD
9oNpaJ 3yl spoylaw Sujwlie)

Jo sindu paroaduwi/maN|

wa1sAs Ansa.0jo.de/3uiwie) e

ul sa1pads sa.u3aue|d paroadwi/maN
(Aaasau0j0.8e pue ‘aunzjndenbe

| 9]203s9A1| ‘doud) sadndeld
JusWadeuBW W) paAcIdwl/MaN

(euney pue

T ‘J0J} ‘S|IOS) S924NOSA [B11ISIID.
Jo quswadeuew paroidwi/meN
soonoedd Juswaseuew
3saAJeY-3s0d paroadwi/maN
sa13ojouyd9)

1saAJeY-1s0d paroadwi/maN|
s[ewiue

PUE ‘yslj ‘s9a. Jo spaa.q paroaduw|
(sdou> pasy

| PUE ‘SSUIDDBA ‘SQUIYDBW ‘S19Z]|12.19))
syndui paroadwi/mau JsynQ

$3ssaJ3s d)3olq esniw o)

wa)sAs Sujwiey e uj s3uagde [0J3u0D)

(4 noenbe pue 201594l

C ‘A13sauojo.de ‘doud) seonoeud
Juswageurw w.ey paroidui/maN|

6 6 spaas paroaduw|

Suiddew
swasAsoda0.3e
‘yoJeasad
Aaozedppaed
‘U2Je9sa. W.IB)-UO
‘3uippow pue
uoneNWIs ‘swajsAs
uonew.oul
o1ydeu8oad
Jusawageuew
92JNn0saJ [ednjeu
pajeJdanu|

wuswdojaasp
SUIDJBA {S3SBISIP
[ewiiue |d]
‘yoaeasal
Aioedidpaed
{oJeasal W.ej-uo
{A8ojouyda30iq
“(ysy pue
‘lewiue ‘sa3.1)
‘sdo.d) 3uipaauq
[euonusAUOD)

uolfjiw |

uoljjiw gy

sepuage weudoud Yy|oD Jofew aAl Japun Indino jo suoledipul Aq pamalAad saipms 3oedwl Jo JaquinN|

JUSWIUOJIAUD
Sunoaoug

Ayanonpoud
Suiseaunuy

‘€ dlqeL

CGIAR and NARS partner research in sub-Saharan Africa

6



"MOJ 1SB| 34 Ul S[e303 3Y3 01 dn wins A|1Jessadau 10U Op S[E10) uwnjod ay3 ‘sny "sindano weagoud Yy a|dnjnw Japun paisi| aJe saIpnIs dWOS ,

(4]

| 44

Ll |

S9IPN3S PIMdIA3M ||

SYVN
Aq yoJaeasad 1onpuod o1 Adede)

SUVN 4q uswdojersp
pue sisA[eue Adjjod 4oy Aydeder)

$92JN0SsaJ uewny pauled|

[ (feuoiSau) sya0MIBU YdJaBaSDY

sa13ojopoyiaw
yoeasad jo Juswdojpasq

Juswagdeuew YN parosdwi

Joj sapijod Jo SUOHEPUSIWIOIDY

uondope pue Juswdojarsp

[ A3ojouys31 01 SAIPNPUOD
sadijod Jo suonBpUSIWIOIDY

sdew a3ey|ul| D132USL)

(suoneyou douo pue

swisAs paxiw “3-3) A3susAIpoIq
[9AS]-wiiey 3owoud ey
sanbjuy2a3 Sujw.ey pue sadnde.d
Juswadeuew paroadwi/maN
(soau1/sdoud)

$924N0sa.J 219U33 JO UONBAIISUOD)
(seau1/sdoud) wseidwass

Jo 98uBYdXd pue UONIB||0D

uoMelNSuod
‘sdiysaauyed
YoJeasald
9A1EIOqE||0D
Bujured)

sisAJeue

puE uo1399||02
BJEP sisA[eue
Ad1jod ‘yoaeasad
51WOU0d301208

agueyoxa
wsejdwJad
‘swoasAs
uonew.ou|
‘Sueq susn)

uoliw 7z
uoliw 6
uoljjiw £

SYVN
Suuayaduang

sapijod
3uiroadwj

UOIIBAISSUOD
Ayjisaaalpolg

|7

Evidence of Impact to date



country, region, continent, or global). Again, the absence of any aggregate-level impact studies under the
categories of research targeted towards biodiversity conservation, improving policies and strengthening
NARS is quite typical of the general literature on impact assessment.

Table 4 maps the distribution of the 52 reviewed studies by technologies. More than 70% of the studies deal
with CGIAR-mandated food crop sectors in SSA. A couple of studies deal with agroforestry, aquaculture,
and livestock farming systems, while some studies are not specific to any sector but deal with outputs
of such cross-cutting research themes as fallow systems, no tillage, alley farming, machinery, policy,
and training. Again, a higher proportion of studies assess the impacts of crop sector outputs than other
outputs.®

Since adoption is a necessary condition for research impact, it can be expected that research outputs
with wide-scale adoption should present viable cases for impact assessment. Thus, research outputs with
high adoption figures but which have not been subjected to impact assessment represent likely gaps in
coverage. In the following sub-sections the authors review claims made regarding the adoption of major
research outputs of centers in order to set the background for subsequent appraisal of the assessed impacts.
Major claims regarding adoption and potential impacts of different outputs of CGIAR—NARS research
are discussed below under the broad categories of CGI research and other research (e.g., improvement
in farm management practices, post-harvest research, improvement in other inputs, improvement in
policies, and NARS strengthening). It is beyond the scope of this study to assess all the methods by which
these estimates have been calculated where no impact assessment has been conducted. It is important to
note that these figures have not been derived with consistent methods or rigor. Nonetheless, they should
give a rough idea of the outputs for which impacts might be substantial and assessable.

Evidence of adoption and potential impacts of research on crop germplasm improvement

Although, not comprehensive across all crops, CGI research is the most documented in terms of adoption
and potential impacts among all the outputs of CGIAR. In the late 1990s, estimates of adoption of CGIAR-
related improved varieties in a region where they are economically important crops varied from 12%
(relative to total crop area) for sorghum (2.4 million ha); 11% for maize in East and southern Africa
(1.6 million ha); 15% for beans in East and southern Africa (0.26 million ha); 18% for cassava, continent-
wide (1.6 million ha); 24% for maize in West and Central Africa (2 million ha); 25% for rice in West Africa
(1 million ha); 41% for potato continent-wide (165,000 ha); and 57% for wheat continent-wide (1.8 million
ha) (Table 5). The documented adoption for crops such as millet and groundnut at an aggregate level is
less than 1% of the total planted area. Adoption of CGIAR-related improved varieties for other crops (such
as cowpea, soybean, and sweet potato) is documented at a state, province, or country level, but not at an
aggregate level of a region or the continent.

Table 6 summarizes documented and non-documented adoption claims for the 10 major CGIAR-mandated
food crops in SSA — wheat, rice, maize, sorghum, millet, bean, groundnuts, cassava, cowpea, and potato.
Based on these adoption claims, the total area in SSA planted to CGIAR-related improved varieties across
these 10 major food crops was 11 million ha in the late 1990s.5 The low levels of documented adoption of

'3 There are two possible explanations for the distribution (or lack) of impact evidence presented in Tables 3 and 4. One is the lack
of methodological ability to assess impacts of these types of outputs, the other is that the distribution reflects a lack of actual
impact from outputs of the CGIAR system in sectors such as agroforestry, livestock research, policy, and training. However, no
attempt is made in this assessment to gather empirical evidence that either supports or refutes one or both of these possible
explanations. Making any credible assessment of the outputs of CGIAR research in SSA is beyond the scope of this assessment,
which is focused more on documenting evidence of impacts rather than building an inventory of outputs.

4 The term CGIAR-related improved varieties is used in this study to refer to varieties that are either: a) CGIAR center x CGIAR
center selected, b) CGIAR center x NARS selected, or ¢) NARS with CGIAR center parent.
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improved varieties for millet and groundnut, and the absence of any documented adoption for cowpea are
striking: these three crops together cover close to 40 million ha of planted area in SSA but the documented
adoption of CGIAR-related varieties for these three crops is just over 220,000 ha. Thus, even though the
documented adoption for food crops such as wheat and potato is more than 40%, the overall estimated
adoption of CGIAR-related varieties across these 10 crops is only 11% of the total planted area. This is
about 50% of the area documented for all improved varieties in SSA (Figure 7).

Figure 7. Share of CGIAR-related improved varieties and other sources of varieties in the total area
planted to major food crops in sub-Saharan Africa, late 1990s

Non-CGIAR
improved varieties, | 1%

Beans, Millet,
Potato,
Groundnut, 1%

Rice, 1%

Traditional Cassava, 2%

CGIAR improved
varieties, 77%

varieties, | 1%

Wheat, 2%

Sorghum, 2%

Maize, 4%

The yield effects documented are quite variable across crops, making it difficult to make any blanket
assessment about this impact indicator across all crops. Evenson (2003) estimates CGIAR contributions
to yield growth due to CGI research in SSA to be in the range of 0.11—0.13% per year. This range is much
smaller than the 0.30—0.33% per year average yield growth across all developing regions (Evenson, 2003).
These estimates suggest that despite substantial introduction of new improved varieties of different
crops in SSA, there has not been a great aggregate impact on yields, compared with other regions. The
often-cited reason for this low aggregate impact of CGI technology is low adoption. It is compounded
by low soil fertility, failure to incorporate smallholder preferences adequately, insufficient supporting
infrastructure (such as seed systems), non-availability of other inputs like fertilizer, lack of information,
and inappropriate policies (Byerlee and Heisey, 1996; Ahmed et al., 2000; Doss et al., 2003).

Evidence of aggregate economic benefits as a result of CGIAR-related improved varieties in SSA is
less extensive and comprehensive than evidence of adoption. Nonetheless, several studies do estimate
economic benefits as the value of increased production due to the adoption and yield gains of CGIAR-
related improved varieties. These documented estimates are the subject of the critical review process
outlined in step 4 and are discussed in the context of the meta-analysis in the next section.

5 As a comparison, areas planted to CGIAR-related improved varieties in other regions (Evenson, 2003) are estimated as follows:
55% (Asia), 30% (Latin America), and 48% (Middle East—North Africa).
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Other benefits of improved varieties documented in the reviewed assessments include impacts on house-
hold food security, nutrition, and gender relations. For some crops, such as cowpea, the impact in the form
of increased by-products like fodder is also important. Some studies document the distributional impacts
of improved varieties between consumers and producers. A study of cassava by Falusi and Afolami (1999),
reports the share in total benefits by producers to be 28% and by consumers to be 72%. This result concurs
with the general literature on distributional impacts of agricultural research. Interestingly however, this
study shows that the share of producers’ benefits in technology surplus declines as more output is sold.
That means a technological innovation has more positive distributional impact on producers in semi-
subsistence agriculture (characteristic of much of SSA) than in commercialized agriculture.

Although improved varieties have other benefits, none of the reviewed studies measure or estimate these
benefits. An analysis by Evenson and Rosegrant (2003) is the only one that tries to estimate the effects
of CGIAR research into CGI on total area, food production, and food consumption, in different regions
of the world. Their analysis shows that in the absence of the global CGIAR research contributions to CGI,
the area planted to major food crops in SSA would have been 0.6—1.0% more than the actual cropped
area in the late 1990s. The effect on total food production in SSA would have been a reduction by 1—2%.
Additionally, the number of malnourished children would have increased by 1% and the availability of
calories to the general population would have declined by 3—4%. These estimated effects in SSA are more
modest than many would expect.'® They are also lower than the effects estimated for other regions of the
developing world (Evenson and Rosegrant, 2003).” This is because low CGIAR-related crop genetic gains
(0.11—0.13% per year in SSA) are less than one-third those of other regions. SSA also has a lower adoption
rate of CGIAR-related improved varieties than other developing regions.®® 1

Evidence of adoption and potential impacts of research other than crop germplasm improvement
Evidence of adoption and impacts is available for the following technologies: biological control; farm
management practices such as no till, alley farming, fallow trees, and integrated aquaculture; improved
livestock; introducing new or improved inputs; post-harvest technology; and policy research and training
(Table 7). These technologies contribute to the CGIAR program agenda of increasing productivity,
protecting environment, improving policies, and strengthening NARS.

IITA research into biological control in cassava (Zeddies et al., 2001; Coulibaly et al., 2004), and research
by ILRI on the impact of fodder bank technology (Elbasha et al., 1999) are the only documented examples
we found of wide-scale adoption of CGIAR research other than research relating to the uptake of improved
varieties. These studies document the spread of very specific research outputs across several countries in
the region. Other impact assessment studies reviewed cover a relatively small geographic area (e.g., state,
province, or region within a country), with the adoption of technologies ranging from a few hundred to a
few thousand farmers and hectares (Table 7). These are quite insignificant levels of adoption compared
with the estimates of wide-scale adoption documented for improved varieties presented in Tables 5 and 6.

As with improved varieties, the impacts of most of the technologies listed in Table 7 are evident either
in increased farm-level yields or reduced costs (both indicating increased productivity), which result in

16 Tt is important to note, however, that the implications of area, production, and food consumption effects even in the 1—3% range
are significant from an environmental, health, and economic welfare perspective for millions of people on the continent.

7 The comparative estimates for the area effect in other regions are: 1.5-3.1% (Latin America); 1.8—2.1% (Middle East—North
Africa); and 1.5-1.7% (Asia). Similarly, the estimates for production effects in other regions are: 5.4—5.6% (Latin America);
7.4-7.9% (Middle East—North Africa), and 8.3—9.1% (Asia). The average effect on food consumption and calorie availability
across all developing countries is estimated to be in the range of 2.0-2.2% and 4.5-5.0%, respectively.

18 See footnote 15 for comparative estimates of adoption in other regions.

9 The rate and levels of investments in agricultural research and development by CGIAR and NARS in SSA over the past three
decades has been lower than in Asia and Latin America. Hence, with the long lag times, it may be premature to make such
comparisons.
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increased incomes for adopters. Other potential benefits of some of these technologies include improved
water quality, soil fertility, human health, and capacity building. However, none of the reviewed studies
measure or estimate these other impacts. The aggregated economic benefits of adopting these technologies
are estimated by five of the ten studies reported in Table 6. These are discussed in the following section.

Evidence of adoption and impacts of policy research and training is scarce. One reviewed study assesses
policy research influences, and one other assesses benefits from training activities. It is therefore difficult
to derive any conclusions about the impacts of the two program agenda activities ‘improving policies’ and
‘strengthening NARS’ based on just two studies. Clearly, there is a need for additional impact assessment
of research in these areas.

The summary of evidence in Tables 5—7 provides an overview of the scale of adoption, the scope, and the
size of the potential impacts of CGIAR research in SSA. The data provided by these impact studies must
be analyzed to provide a better understanding of the impacts of agricultural research in SSA by CGIAR
and NARS. However, individual impact studies not only differ in the types of research outcomes being
evaluated but also in their methodologies. In this context, and taking the estimate of economic benefits
as an example, it is important to determine the certainty with which the estimates of individual studies
can be aggregated in order to derive estimates of total benefits attributable to the CGIAR. Similarly, it is
important to assess the total costs incurred by NARS and other partners in realizing those benefits. To
this end, each study shown in Tables 5—7 that estimates economic benefits is subjected to a critical review
process to evaluate the confidence that can be placed in the reported estimates of benefits and costs.
The methodology of this process, and the results of the benefit—cost meta-analysis are discussed in the
following section.
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4. Meta-Analysis of Benefits and Costs of CGIAR-NARS
Research in Sub-Saharan Africa

Meta-analysis is the statistical treatment of research results to identify more generalized patterns
from case observations. Traditional meta-analysis attempts to draw inferences from as broad a pool of
cases as possible, under the assumption that a sufficient population of cases will balance out individual
methodological flaws. However, if a meta-analysis consists of the aggregative treatment of results, or if
certain methodological flaws are pervasive, this assumption may not be appropriate. In such cases, it is
necessary to conduct a ‘best evidence’ meta-analysis, in which methods are scrutinized before results are
accepted as part of the analysis (Slavin, 1995). The present study applies this approach.

The meta-analysis considers how the documented benefits of CGIAR—NARS research compare with the
associated investment by the CGIAR—NARS partnerships in the region.2° The basic objective is to derive a
set of plausible and highly credible aggregate estimates of the benefits accruing from CGIAR innovations
in SSA, and to set these against the value of the entire CGIAR—NARS expenditures.

The 24 studies identified in Annex B as ex post impact studies assessing aggregate-level benefits of
CGIAR-NARS research were the initial focus of this meta-analysis. Studies that assess individual farm-
level impacts and/or only estimate the adoption of CGIAR research outputs were excluded (i.e. 28 of the
52 reviewed impact studies) since they do not provide a benefit value for aggregation in the numerator
of the BCR. This pool of studies was produced independently by different authors on behalf of various
agencies. As a result, there is considerable heterogeneity in the methods and quality of individual
impact assessments. Moreover, the aggregated estimates reported in these studies are derived from the
extrapolation of location-specific studies. In order to aggregate and compare benefits across these different
studies and research areas, some screening of rigor is necessary to ensure that only credible estimates are
included. The authors were able to obtain data for all but one study (Falusi and Afolami, 1999). Thus, only
23 studies were finally subjected to the critical review process.

Assessment of credibility

To determine the credibility of individual impact findings, the present study adopts the review framework
first proposed by Raitzer (2003) and refined in Raitzer and Lindner (2005). Since no prior set of standards
had been identified for an ex post impact assessment of research, this framework was developed through
a selective review of the literature. The framework is essentially based on two interdependent principles:
1) transparency and 2) analytical rigor.

Transparency: criteria and indicators

It is imperative that research is characterized by transparency, since this is necessary for understanding
any results produced (Baur et al., 2001). In this study, transparency was represented by three broad
criteria (Figure 8):

e Clearly derived and explained key assumptions
» Comprehensive description of data sources
e Full explanation of data treatment

20 The NARS component included in this analysis represents a partial portfolio of the whole system in SSA. It refers to supplementary
costs or investments by NARS and other partners incurred towards the development and dissemination of technologies attributed
to CGIAR centers. It should not be interpreted as total NARS costs in SSA.
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Figure 8. Hierarchical relationship of principles, criteria, and indicators for assessing the transparency of
reviewed studies

Clearly derived Attribution of Full explanation
key assumptions data sources of data treatment
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Explanation  Explanation  Explanation
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: ’ adoption data price data related factual .
assumptions assumptions data data data cost data L valuation
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treatment treatment treatment

Clearly derived key assumptions. Two qualitatively assessed indicators — explicitness of key assumptions
and substantiation of key assumptions — represented the clearly derived key assumptions.

Comprehensive description of data sources. Any economic analysis can only be as robust as the data it
uses, and as a result, the sources for such data should be clearly presented. For this criterion therefore,
four indicators were enumerated to describe the comprehensiveness of data sources: description of data
sources for extent of adoption (when relevant); productivity effects; costs associated with adoption; and
prices for valuing productivity changes.

Full explanation of data treatment. For an analysis to be transparent, the methods applied to calculate
benefit estimates from collected data should be described in detail. Explanations of how estimates for
adoption levels, productivity effects, adoption-related costs, and economic valuation were inferred from
available data were used to give a full explanation of the data treatment. These indicators also represented
the clarity with which counterfactual construction and economic valuations were described.

Analytical rigor: criteria and indicators

To date, no framework has been defined in the literature for the appraisal of an ex post impact assessment’s
rigor. However, as previously noted, a number of methodological publications have been produced to
provide guidance to impact assessment of research, and a number of papers have been written concerning
common flaws in past approaches. It is possible to infer from these sources the necessary elements for
best-practice assessment.

The objective of an ex post impact assessment is to attribute the effects of a particular research-derived
intervention on the areas of interest, relative to other potential causal factors. This requires the construction
of a counterfactual (Baker, 2000). This counterfactual should take into account the relative role of
alternative causes in observed changes, and factors that may mitigate the effectiveness of the assessed
output in the field.

To address the degree to which the reviewed studies demonstrated causality, three criteria were identified
(Figure 9):
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» Utilization of a representative data set
e Appropriate data treatment
e Development of a plausible counterfactual scenario.

Utilization of a representative data set. For impact to be rigorously demonstrated through ex post impact
assessment, both the measurement of metrics of interest and the construction of the counterfactual must
be rigorous. Measurement and monitoring of metrics of interest requires sufficient data at the scale at
which trends will be extrapolated (Maredia et al., 2000). Such data typically include estimates of the
spatial area at which an innovation or new technology is applied or adopted, as well as information
regarding the changes in inputs or outputs related to the innovation’s adoption. Prices for the shifted
production or saved inputs are also required. In the current study, utilization of the representative data
set was represented by two indicators: reliability and comprehensiveness of the data set utilized.

Appropriate data treatment. To rigorously estimate research impacts, it is essential that robust methods
are used. The extrapolation from available data of trends on adoption and productivity in an appropriate
and representative manner is an important element of this process. Mitigating factors that may prevent
expected patterns of benefits from being realized need to be assessed. Four indicators were used for
evaluating the fulfillment of appropriate data treatment: appropriateness of data extrapolation; adequacy
of analysis of mitigating factors; adequacy of disaggregation by production environment; and adequacy of
assessment of adoption-related costs.

Development of a plausible counterfactual scenario. In the absence of a particular research program, it is
likely that some technological advancement will take place. For an impact assessment to be accurate, this
must be captured in the counterfactual scenario, which must be credible (Baur et al., 2001; Salter and Martin,
2001). The plausibility of implicit or explicit counterfactuals indicates the degree to which the assumed
course of events, in the absence of the innovation, represents a realistic next-best course of action.

Rating of studies against the review framework. The 23 impact assessments in the study pool were
reviewed against the framework developed using the above criteria, and a numerical score of zero to
three was assigned for each indicator (Table 8). A score of zero indicates that the indicator is unfulfilled

Figure 9. Hierarchical relationship of principles, criteria, and indicators for assessing the analytical rigor of
reviewed studies

Plausible counter-

Representative Appropriate .
. factual scenario
data set utilized data treatment
developed
e Comprehensive- Appropriateness Adequacy of Adequacy .Of Adequacy of
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Source: Adapted from Raitzer (2003)
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Table 8.

32

Principles, criteria, indicators and rating examples for evaluating benefit—cost studies

I. Clearly
derived key
assumptions

Explicitness of key
assumptions

Substantiation of key
assumptions

Major assumptions
underlying analysis are
not defined

Unclear basis for
explicit assumptions

All major assumptions explicitly
stated

Explicit assumptions have logical
justification and/or citation

2. Comprehen-
sive attribution
of data sources

Citation of adoption data

Citation of productivity
data

Citation of adoption-
related costs data

Citation of price sources

Unclear basis of
adoption estimates

Unclear basis for
productivity claims

Unclear empirical basis
for deriving costs of
adoption

Unexplained basis of
commodity prices

Adoption estimates cited and/or
data collection described

Productivity claims based on cited
references or clear methods

Estimates of adoption-related
costs cited or given logical
justification

Cited basis for commodity prices

3. Full
explanation of
data treatment

Explanation of scaling up
adoption estimates

Explanation of scaling up
productivity estimates

Explanation of scaling up
adoption-related costs

Explanation of economic
valuation

Explanation of
counterfactual derivation
(explicitness)

No basis provided for
adoption estimates

Unclear extrapolation
from limited
productivity impact data

Incorporation of
costs associated with
adoption unclear

Commodity prices used,
discounting and deflating
unclear

No ‘without’ scenario

Gathering process for adoption
estimates defined

Clear methodology for scaling-up
estimates from specific sites

Costs considered (or not
considered) in an explicit manner

Commodity prices used,
discounting and deflating clearly
presented

Comprehensive development of a
‘without’ scenario

|. Utilization of
a representative
data set

Reliability of data set
utilized

Comprehensiveness of
data set utilized

Data sourced from
uncorroborated expert
opinion or assumption

Data sourced from
single location or trial

Empirical data for key parameters
validated through triangulation

Large number of sample sites
representing range of relevant
conditions

2.Appropriate
data treatment

Appropriateness of data
extrapolation

Adequacy of analysis of
mitigating factors

Adequacy of capturing
variability in the
target environment or
population

Adequacy of
disaggregation of benefits/
surpluses by consumer/

Limited data

or assumptions
extrapolated over large
spatial/temporal scales

No mitigating factors
considered

Only ‘average’
conditions considered

Gross benefits
presented without
analysis of surplus

Data only extrapolated over
populations represented

Consideration of major relevant
alternative causal factors

Heterogeneity in impacts
appropriately captured

Impacts disaggregated among
different producer and consumer
groups

producer groups recipients
3. Development Counterfactual plausibility Counterfactual Counterfactual represents
of plausible represents unrealistic,  realistic, likely and substantiated
counterfactual overly cynical course of path of events
scenario action
4. Plausible Plausibility of institutional No attribution Empirically based attribution
institutional attribution attempted derived through counterfactual
attribution
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or unconsidered, whereas a score between one and three shows partial to complete fulfillment of the
indicator. Each indicator was weighted equally and the ratings aggregated and averaged to derive a rating
for transparency and for analytical rigor. The results of the application of the above criteria to the 23
impact assessments are reported in Annex D.*!

Scenarios of the aggregation of research benefits

Three basic scenarios of aggregate research benefits of the 23 selected studies are constructed for the meta-
analysis based on the average scores for the principles of transparency and analytical rigor: potential,
plausible, and substantially demonstrated benefits. The number of studies in each of these scenarios is
shown in Table 9. These scenarios are progressively exclusive as criteria become more restrictive. Thus,
the ‘potential’ benefits scenario is inclusive of all ‘plausible’ benefits, which in turn is inclusive of all
‘substantially demonstrated’ benefits. Each of these scenarios is split into two sub-scenarios — ex post and
ex post + ex ante.

Table 9.  Number of studies included in the three scenarios of the meta-analysis

Number of studies 23 19 9

Criteria All-inclusive Studies with an average score of Studies with an average
more than |.5 for transparency and  score of more than 1.5 for both
more than 1.0 for analytical rigor ~ transparency and analytical rigor

Scenario I: ‘Potential’ benefits

This scenario includes aggregated benefits of all the 23 impact studies in the study pool. Some of the
included benefit estimates have been based on very limited empirical data and there is little certainty that
all of the included benefits have been realized. Nevertheless, this scenario does help to illustrate the level
of benefits of CGIAR-NARS research in SSA that has been documented in the literature.

Scenario 2: ‘Plausible’ benefits

The 19 studies included in this scenario received moderate ratings for transparency (an average score of at
least 1.5, based on the 0—3 scale). In addition, studies in this scenario demonstrated at least limited levels
of rigor, with average scores of 1.0 or greater for the indicators of analytical rigor.

Scenario 3: ‘Substantially demonstrated’ benefits

This scenario is a subset of the ‘plausible’ benefits scenario and includes only those benefits that have
been rigorously assessed (nine studies). The additional criterion applied for inclusion in this scenario is a
higher rating for analytical — an average score of at least 1.5. This is to calculate a high-confidence lower
bound measurement of economic impacts attributable to CGIAR and NARS activities in SSA.

2! These scores are based on the authors’ subjective judgment and evaluation of the studies’ data and analyses. They are based on
what is actually stated in the documentation of the studies reviewed. There is no verification of the accuracy of the methodologies
used nor of the quality of fieldwork. The evaluation framework was only applied to the economic impact assessment component
of a study. Thus, scores do not reflect the rigor of the overall study, which in some cases had a much broader focus than economic
impact assessment.
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Ex post and ex post + ex ante sub-scenarios

Since this work focuses on ex post impact research, all the studies included in the study pool include
benefit estimates based on empirical evidence of adoption and adopter-level impacts for at least one year.
However, the time period of the documented benefits reported varies across the 23 studies (Table 10) and
can be grouped accordingly: a) 10 studies report ex post multi-year benefits up to the year of the respective
study analysis or up to 2004 (e.g., Byerlee and Traxler, 1995; Elbasha et al., 1999; Rohrbach et al., 1999);
b) six studies report ex post benefits for a single year (e.g., Dalton and Guei, 2003; Lantican et al., 2005;
Manyong et al., 2003; Morris et al., 2003); ¢) the remaining seven studies include both an ex post and
ex ante analysis of projected benefits beyond 2004 (e.g., Yapi et al. (1999) and Zeddies et al. (2001)
provide estimates of costs and benefits covering the period 1982—2018 and 1979—2013, respectively).
In such studies, the projected costs and benefits beyond the year of ex post impacts are substantiated by
assumptions about the projected trends of important impact variables. They are also justified based on
the widely used assumption that benefits from research are cumulative and continue to occur beyond the
period of analysis (Evenson, 2001).22

Ex post sub-scenario

This scenario is an ultra-conservative approach that includes estimates of benefits documented by a
study up to 2004 (the time period of estimated costs included in the meta-analysis). Thus, if a study has
reported benefit streams continuing beyond 2004, these projections are not included in the base scenario.
This excluded seven of the original 23 studies. The rationale for truncating the benefit streams to the year
2004 for these seven studies is to maintain a more conservative ex post scenario so that the total benefits
included in the benefit—cost meta-analysis are only those that have been documented as realized up to
2004.2

Ex post + ex ante sub-scenario

For 10 studies, the reported benefits for the entire documented time period are included (e.g., 1982—
2018 for Yapi et al., 1999); no attempt being made to truncate the benefits stream.2* The other studies
included in the meta-analysis provide ex post estimates of benefits for only a single year. It is extremely
conservative to assume that benefits of past research are realized for only one year. Hence, to reflect the
realistic assumption of continued benefits of past research beyond a single year, such estimates of single-
year benefits are projected to continue for 10 years beyond the reported year (in nominal values, prior to
discounting). The projections of single-year benefits to 10 further years are applied to six studies, all of
which deal with CGI research (shown in Table 10). While this second sub-scenario helps to offer a more
realistic estimate of benefits for past research investments, the results are still speculative, as research
products that are not assessed by the impact study or not yet realized are implicitly included.

Since the cost data included in the meta-analysis are up to 2004, the estimated BCRs reported for the two
sub-scenarios are conservative. This is due to the fact that, in the final years, the benefits from innovations
to be generated in future are not included in the numerator (as they are not yet documented). Thus, the
reported BCRs are indeed lower-bound estimates of indicators of impacts of CGIAR-NARS investments
in SSA for the period 1966—2004.

22 Alston et al. (2000) also report and analyze documented internal rates of return of several studies that are based on both the
documented ex post and the projected ex ante benefits.

23 This scenario does, however, include ex ante estimates of benefits for some studies up to 2004.

24 In a few studies where costs are also projected to continue beyond 2004 (i.e. the last year for which CGIAR cost data is available),
the benefits included were net of projected costs.
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Aggregation of costs and benefits: methodology

Estimating the share of sub-Saharan African benefits in global estimates

Four studies (Byerlee and Traxler, 1995; Heisey et al., 2002; Morris et al., 2003; and Lantican et al., 2005)
out of the 23 in the meta-analysis report benefits to SSA as part of the global estimated benefits from
CGIAR-NARS research. The reported global benefits are adjusted to ensure that only benefits attributed
to SSA are taken into account in the aggregate analysis. For these studies, the share of SSA in the global
estimated benefits was either obtained from the authors or was determined based on the area planted in
SSA to improved varieties as a percentage of global adoption area.

Estimating costs by CGIAR centers

Costs are based on the percentage share of the CGIAR system total expenditure in SSA for the period
1971—2004, as reported by Lele et al. (2003) and in the 2003 and 2004 CGIAR financial reports (CGIAR,
2004; CGIAR, 2005). Some of the included benefits on wheat, maize, beans, and cassava derived from
research by CIMMYT, CIAT, and IITA predate the establishment of the CGIAR. Thus, investments by
these centers in SSA prior to joining the CGIAR system need to be accounted for as costs. In the absence of
readily available data, research investments in SSA by these three centers from 1966—1970 were assumed
to be at the same level as the total system costs estimated for 1971. This is likely to be an overestimate
given the lag in establishing a center and starting a research program on the ground.

Estimating costs by NARS partners

Although the studies included in this review process and meta-analysis only include impact assessments
of those technologies/products that can be traced to CGIAR research efforts, the benefits generated from
these technologies could not have been realized without investments by NARS and other partners. Thus,
throughout this paper, reference made to the contributions of the CGIAR refers to the joint partnership
between CGIAR and NARS partners. In an ideal scenario, to account for the joint ownership (CGIAR and
NARS) of the realized benefits, the total costs incurred by NARS and other partners should be included
in the denominator of the aggregate analysis. In the absence of such aggregate-level data for non-CGIAR
costs, the authors estimate the relative shares of the CGIAR and NARS partners’ costs based on the
documented total costs reported in the reviewed studies. They then extrapolate this ratio to the whole
CGIAR portfolio investment in SSA of US$3.26 billion in nominal dollars (US$4.3 billion in $2004).
Table 11 illustrates how this ratio is derived.

Seven of the 23 reviewed impact studies provide cost estimates disaggregated by CGIAR center costs,
and costs incurred by NARS, non-governmental organizations (NGOs), and other stakeholders. The
seven studies represent about 2% of total CGIAR investment in SSA to date, and cover the following types
of research products: improved varieties (Byerlee and Traxler, 1995; Rohrbach et al., 1999); biological
control technology (Zeddies et al., 2001; Bokonon-Ganta et al., 2002); fodder bank technology (Elbasha
et al., 1999); mechanical innovation (Rutherford et al., 2001); and integrated aquaculture/agriculture
(TIAA) (Dey et al., 2005). The share of NARS partners in total reported costs of a given project varies from
less than 30% of a center’s total investment (e.g., Zeddies et al., 2001), to six times the costs of a center’s
investment (Rohrbach et al., 1999). Most of these studies only reported those NARS costs that directly
contributed to the assessed benefits. However, the reported NARS costs by the two studies that assess the
impacts of crop improvement research (Byerlee and Heisey, 1996; Rohrbach et al., 1999) included all the

25 Tt is also possible that the benefits included in the analysis may be due to research conducted by the CGIAR system in other
regions (the spill-over effects). This means that by only including costs incurred by the CGIAR—-NARS system in SSA, aggregate
costs are underestimated.
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NARS costs towards a crop’s breeding program. Since the benefits assessed and reported in this study
for CGI research only include a subset of outputs of a NARS breeding program (i.e. improved varieties
attributed to CGIAR crosses only), the reported NARS costs of these two studies were adjusted downward
to bring the ratio of NARS—CGIAR costs to 2.5. This adjustment ratio is based on the cost analysis of the
share of NARS costs in the global CIMMYT-NARS crop improvement system reported by Maredia and
Byerlee (1996).2¢

After adjusting NARS costs for the two CGI studies to include only those costs that directly contribute to
the assessed benefits, the weighted average cost share across the sample of seven studies is 53% (or 112%
of CGIAR costs). In other words, for every dollar invested by the CGIAR system in SSA that results in
benefits, the NARS in aggregate invest US$1.12 to realize those benefits. This reflects the true partnership
between CGIAR and NARS in technology development and dissemination efforts. Even though the
sample of studies (seven) used to derive this average cost share figure is quite small, for the lack of an
alternative estimate, the authors have used this figure of average costs in the baseline analysis to derive
total NARS costs and added those to the total CGIAR investments.?” To test the sensitivity of the results
to the estimated NARS costs, the authors also report the results by increasing the ratio to 2.5 (250%) and
reducing it to 0.2 (20%).

Deflation and discounting

The reported benefits from each study?® and the costs by CGIAR and NARS were recorded in nominal
US dollars. Deflation or inflation of currency values was calculated using the US Producer Price Index to
establish 2004 as the common base-currency year for all included costs and benefits. This was performed
independently for each of the studies to account for different base-currency years. Once nominally
adjusted, benefits from the included studies in a given scenario were aggregated to produce total annual
benefit streams. These were discounted using a 4% real discount rate®, which is consistent with prior
benefit—cost analyses of long-term research and other public-sector investments (Bazelon and Smetters,
2001; Raitzer, 2003). To test for the sensitivity of results, the discount rate was reduced to 0% and raised
up to 10% to reflect a realistic range of potential returns to very long-term, private-sector alternative
investments.

" B. J TV
TV, = ZZ—” TC, = Z; BCR,=—"
1+r)" (1+r)" TC,

t=si=1

26 The interpretation of this ratio is that for every dollar spent by CIMMYT in crossing and early generation selection and testing,
the NARS in aggregate spend US$2.5 (in US$ purchasing power parity) on selection and wide-scale yield testing of this material.
At the official exchange rate, the NARS costs are estimated to be US$1, in aggregate, to every dollar spent by CIMMYT (Maredia
and Byerlee, 1996). However, to be conservative, we have used the higher estimated ratio based on US$ purchasing power
parity.

27 This means that the denominator in the benefit—cost analysis includes total investment by the CGIAR—NARS system in SSA to
date (from 1966—2004) of US$3.26 billion + (U$3.26 billion x 1.12) = US$6.9 billion.

28 Note that for global assessment studies, included benefits are those that are attributed to SSA, and for CGI research impact
studies these only include benefits attributed to CGIAR-related germplasm.

9 The discount rate used in the meta-analysis is the ‘real’ rate of interest, or observed rate of interest net of the expected rate of
inflation. The discount rate of 4% in ‘real’ terms is more on the conservative side within the range of discount rates used for
long-term public sector investments by governments in industrialized countries (major CGIAR system donors). The discount
rates used in benefit—cost analyses for long-term investments typically range from 2—-3% (e.g., recommended by the US Office
of Management and Budget) http://www.whitehouse.gov/omb/circulars/a094/a94_appx-c.html), 2.5-3.0% (e.g., used by
provincial governments in Canada), to 3.5% (recommended by the UK Treasury Department) http://greenbook.treasury.gov.
uk/chapteros.htm#discounting). As the real discount rate is essentially a risk- and inflation-free estimate of the long-term
opportunity cost of capital, a good proxy is also the interest rate on a 10-year US Government Bond, less the inflation rate. This
is also in the order of 2—3%.
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The meta-analysis of aggregate costs and benefits can be expressed algebraically as follows:
where,
total value of benefits assessed
scenario under which estimate is generated
year
2004 (the base year of the study)
start year of benefit period
end year of benefit period
= particular study included
=  total number of studies reporting benefits/costs for a given scenario
benefit value of a study (in 2004 US$)
= discount rate
= total costs of CGIAR—-NARS investments in SSA
first year of the cost series (1966)
= most recent year of CGIAR investment (2004)
= expenditures by the CGIAR system in SSA
= costs by NARS partners
BCR = benefit—cost ratio
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Aggregation of costs and benefits: results

Results of the meta-analysis

The aggregate total costs of the CGTAR—NARS partnership investment in SSA for the period 1966—2004
are estimated to be US$9.2 billion (in real dollars). This translates to a present value (in 2004) of US$16.9
billion. One of the questions addressed by this meta-analysis is: “How do the documented benefits of
research in SSA, which are directly attributed to the CGIAR system, compare with these aggregate total
investments to date?” Note that the BCRs or IRRs derived from the meta-analysis are not absolute values
of indicators of the impact of CGIAR—NARS investments to date, as the studies reviewed do not quantify
the value of all impacts of research in the region. Thus, these values should be considered conservative
lower-bound estimates, since costs are total, but benefits are partial.

The benefits reported in the 23 assessments justify the entire CGIAR-NARS investment in SSA to date in
all but one of the six scenarios considered for the meta-analysis (Figure 10 and Table 12).3° The only sub-
scenario where the present value of documented benefits is less than the present value of costs is the ex
post subset of ‘substantially demonstrated benefits.’

The estimated ‘potential’ benefits give the most complete picture of possible benefits to have accrued to
the CGIAR-NARS investment to date. However, these benefits include results that were rated low on the
transparency and rigor criteria, and thus may not provide full confidence in the results. Total present
value of ‘potential’ documented benefits is estimated at US$17.3 billion in the ex post sub-scenario and
US$27.8 billion in the ex post + ex ante sub-scenario. Nineteen studies are included in the category of
‘plausible’ benefits. These benefits have been calculated with at least a moderate degree of rigor. Four
of the 23 studies are eliminated from this category due to unclear or limited data sources for such key
parameters as adoption and productivity changes. The aggregate lower-bound BCR is at least 1.0 in the ex
post scenario and 1.5 in the ex post + ex ante. Similarly, the minimum IRRs are 4% and 8% respectively
for the two scenarios. These are respectable returns considering the long-term nature of investments
being considered.

39 Since this is strictly an ex post assessment, no attempt is made to project the CGIAR—NARS costs beyond 2004 in any scenario.
The documented benefits beyond 2004 that are included in the ex post + ex ante sub-scenario are projected benefits of past
investments and do not require additional investment beyond 2004.
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Figure 10. Comparison of estimated costs and documented benefits of joint CGIAR-NARS investment
under three scenarios of aggregation of economic impact and two time periods
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Benefit—cost ratio

The scenario of ‘substantially demonstrated’ benefits provides highly robust estimates of aggregate benefits
since it includes only those benefits that have been calculated with higher analytical rigor. The application
of higher analytical rigor reduces the number of studies from 19 to 9 under this scenario. The criteria that
excluded studies from this scenario primarily relate to the use of simple assumptions and data treatment,
which lack sufficient justification in the assessments’ text.

As indicated in Figure 10, the BCRs based on the aggregation of ‘substantially demonstrated’ benefits
are at least 0.92 and 1.12 for the ex post and ex post + ex ante sub-scenarios respectively. These results
indicate that when the most conservative scenario of benefit aggregation and time period analysis are
considered, documented benefits nearly match costs.

Under all the scenarios, close to 85% of documented total benefits stem from the biological control
research assessed in four studies. More than 90% of these benefits are contributed by just one study
assessing the impacts of biological control of cassava mealybug. Some 10—-15% of total benefits are derived
from improved varieties and about 1% of total benefits stem from other types of research assessed in four
studies, namely, improved farm inputs and management practices.

While the benefits in the ex post sub-scenario are highly robust, it should be recognized that many research
investments (e.g., cassava, cowpea, and sorghums3') that can be reasonably expected to accrue benefits are
omitted. Also omitted are benefits realized in SSA from CGIAR research in other regions and those that
spilled over from SSA to other regions. The estimated benefits do not account for the future continuation
of benefits of research beyond the year of individual analysis (Table 12). Exclusion of these potential
benefits that have been realized but not documented, and hence not included in the meta—analysis, makes
the estimated BCRs in all the scenarios highly conservative. Thus, the estimated BCRs and IRR

3! Note that the three impact studies on sorghum included in the meta-analysis are variety- and country-specific studies covering
the period from the 1980s to the 1990s. In the context of 2000, the combined adoption area represented by these three impact
studies is less than a quarter of the estimated area planted to CGIAR-related improved sorghum varieties.
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Table 12. Annual benefit and cost estimates for research investments of CGIAR—-NARS partnerships
under different scenarios of study selection

1966 270.51 = = = = = =

1967 259.45 - - - - - -

1968 243.39 — — — — — —

1969 225.22 = = = = = =

1970 209.00 = = = = = =

1971 194.49 - - - - - -

1972 236.48 — — — — — —

1973 255.88 = = = = = =

1974 286.50 = = = = = =

1975 347.50 = = = = = =

1976 422.61 — — — — — —

1977 473.03 = = = = = =

1978 462.60 8.51 8.51 851 851 851 851
1979 456.67 14.32 14.32 14.34 14.34 14.34 14.34
1980 554.09 16.87 16.87 16.91 16.91 1691 16.91
1981 546.68 14.88 14.88 14.96 14.96 14.96 14.96
1982 564.26 52.90 52.90 53.18 53.18 53.18 53.18
1983 575.85 192.26 192.26 193.01 193.01 193.01 193.01
1984 515.09 234.58 234.58 236.13 236.22 236.13 236.13
1985 534.97 364.52 364.52 367.86 368.07 367.86 367.86
1986 571.78 701.16 701.16 707.08 707.32 707.08 707.08
1987 585.69 848.14 848.14 852.66 852.75 852.66 852.66
1988 554.80 884.38 884.38 892.94 892.94 892.94 892.94
1989 588.80 798.71 798.71 807.18 807.18 807.18 807.18
1990 591.04 1,013.90 1,013.90 1,031.37 1,031.37 1,031.37 1,031.37
1991 570.70 1,125.41 1,125.41 1,151.95 1,151.95 1,151.95 1,151.95
1992 539.92 1,001.77 1,001.77 1,023.97 1,023.97 1,023.97 1,023.97
1993 485.01 968.24 968.24 995.04 995.04 1,000.45 1,000.45
1994 475.50 939.85 939.85 976.35 976.35 987.43 987.43
1995 464.78 815.72 815.72 853.24 853.24 869.80 869.80
1996 453.74 910.34 910.34 954.31 954.31 976.51 976.51
1997 453.05 706.82 706.82 775.39 775.39 803.84 803.84
1998 434.43 683.85 683.85 1,390.15 1,439.76 1,674.18 1,723.79
1999 434.13 637.15 637.15 699.44 1,399.35 736.97 1,675.59
2000 384.80 587.70 587.70 646.05 1,282.26 685.09 1,538.30
2001 403.80 553.88 553.88 593.53 1,198.58 593.84 1,405.25
2002 418.42 547.92 547.92 598.23 1,171.55 598.30 1,374.70
2003 421.38 504.92 504.92 541.70 1,063.80 541.84 1,249.31
2004 423.47 454.17 454.17 488.60 95141 490.12 1,120.79
2005 - 435.01 - 914.98 - 1,078.53
2006 = 418.52 = 883.04 = 1,041.69
2007 = 404.58 = 844.22 = 998.18
2008 — 391.38 — 441.76 — 448.42
2009 - 372.14 - 420.59 - 422.08
2010 = 354.27 = 400.85 = 402.86
2011 = 340.38 = 385.17 = 387.83
2012 — 324.92 — 361.47 — 364.93
2013 - 314.12 - 349.27 - 353.71
2014 = 3.31 = 37.10 = 42.73
2015 = 3.18 = 35.68 = 42.72
2016 — 3.06 — 34.30 — 41.13
2017 - 2.94 - 32.99 - 32.99
2018 = 2.83 = 31.72 = 31.72
2019 = = = 27.77 = 27.77
2020 — — — 10.68 — 10.68

Aggregate 16,889 15,583 18,954 16,884 25,645 17,330 27,826

? P lue in 2004 US$ milli .
resent vajue in $ million Evidence of Impact to date — 41



should be viewed as the lower bounds of possible ratios and rates of return. These are
likely to be substantially higher in actuality.

Sensitivity analysis

Figure 11 shows the sensitivity of the lower bounds of BCRs to real discount rates. If the real discount rate
is raised to 8% or more, these ratios become less than unity for all scenarios of aggregate benefits and sub-
scenarios of benefit projections. The BCRs are more sensitive to changes in the real discount rate, and the
sub-scenarios to benefits included (ex post versus ex post + ex ante) rather than to scenarios of benefit
aggregation (‘plausible’ and ‘substantially demonstrated’). This is largely due to the fact that a single study
accounts for the vast majority of benefits in all scenarios, while the other smaller studies that are not
included in the more selective scenarios do not raise aggregate benefit levels significantly.

The results of this meta-analysis are probably more accurate if the seven impact assessment studies
sampled are representative of the supplementary costs of NARS on CGIAR outputs. However, if they are
not, these results may over- or under-estimate the true BCRs. To test the sensitivity of the results to the
NARS costs included in the denominator, the BCRs for the ‘substantially demonstrated’ and ‘potential’
scenarios were estimated by varying the NARS—CGIAR cost ratio from 25-250% (Figure 12).

In the base scenario where the estimated NARS costs are 112% of total CGIAR system costs, the minimum
BCR is more than unity in the ex post + ex ante sub-scenario but less than unity in the ex post sub-
scenario. The estimated benefits in the ex post sub-scenario can justify total CGIAR—NARS investments if
NARS costs are less than 100% of the known total CGIAR costs to date. Similarly, the estimated benefits
in the ex post + ex ante sub-scenario can justify total CGIAR—NARS investments for NARS costs of up
to 130% of CGIAR costs. For the all-inclusive scenario of ‘potential’ benefits, the estimated benefits can
justify total investments by CGIAR—NARS for a cost share assumption of up to 250%.

Figure | 1. Sensitivity of aggregated benefit—cost ratios to real discount rates under six scenarios
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Figure 12. Sensitivity of aggregated benefit—cost ratios to NARS costs under the ‘substantially
demonstrated’ and ‘potential’ benefits scenarios
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It is very unlikely that the NARS costs in the joint CGIAR-NARS partnership will be less than 25% of
CGIAR investment, given the fact that none of the surveyed impact studies reported such a low cost share
by NARS in the assessed projects. It is also unreasonable to assume that the aggregate NARS costs in
this partnership will be more than 250% of CGIAR investment, given the fact that the median cost share
reported in the surveyed studies is about 130%. The main result of the baseline analysis, which shows
that investments by CGTAR—NARS are fully recovered if benefits considered are as reported or projected
for 10 years hence, holds true for a reasonable range of NARS cost share assumptions. Thus, it is quite
reasonable to conclude that the results of this meta-analysis are robust for a large range of plausible NARS
cost—share assumptions.

Discussion of results

One of the purposes of this paper is to assess available evidence of agricultural research impact in order
to offer a systematic answer to the question: “Has investment by the CGIAR-NARS partnership in SSA
been justified by documented benefits to date?” Based on the results of the meta-analysis, the answer
to this question is, “Yes, in five out of six scenarios of extreme assumptions, the documented benefits
(which represent 5% of the total invested) do exceed the investments to date of the entire CGIAR-NARS
partnership in SSA.” However, this answer needs to be qualified by several observations and explanations
that give a more complete understanding of the impacts of agricultural research in SSA.

First, although the aggregate benefits exceed aggregate costs, the documented levels of the impact of CGIAR

research in SSA do not match those calculated for the overall global system (Raitzer, 2003). Second, the
benefits documented for the region are relatively unique in that most are generated from biological control
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research, few are generated by CGI, and none or very insignificant levels are generated by other types
of research. The summary of studies included in the meta-analysis in Table 13 depicts the coverage of
different types of outputs, their corresponding time periods, and assessed benefit values. This summary
also illustrates the gaps in the coverage by depicting areas of research not included in the meta-analysis.

Impacts of research on crop germplasm improvement

Estimates of CGI research benefits in the meta-analysis cover eight food crops — beans, cassava, maize,
millet, potato, rice, sorghum, and wheat. Together, they contribute US$2.4 billion (14% of total estimated
benefits) towards the present value estimates of total potential benefits (US$17.3 billion). These
documented impacts are attributed to six CGIAR centers and their NARS partners: ICRISAT (US$440
million for millet and sorghum); IITA (US$418 million for maize); Centro Internacional de la Papa (CIP;
International Potato Center) (US$369 million for potatoes); CIMMYT (US$337 million for maize and
wheat); WARDA (US$321 million for rice); CIAT (US$276 million for beans); and CIAT/IITA (US$250
million for cassava). The impact studies on maize, rice, wheat and beans are comprehensive in geographic
coverage and include benefits aggregated over the entire SSA or a sub-region. However, the included
benefits for sorghum, millet, and potato are examples of benefits realized from the adoption of specific
varieties in specific countries.

The sparse coverage of assessed benefits (both in terms of the time period and crops) included in the meta-
analysis indicates that the estimated benefits of US$2.4 billion for CGI research are an underestimate of
its potential benefits.

The first factor contributing to underestimated benefits is the fact that the included benefits represent the
impacts realized on about 8.9 million ha of cropped area planted to CGIAR-related varieties.3? This implies
that impacts of CGIAR-related varieties on 21% of estimated adoption area (equivalent to 2.3 million ha of
area planted to CGIAR-related varieties in the late 1990s) are not included in the meta-analysis (Table 6).33
These potential benefits include important food crops such as cowpea, and the undocumented impacts of
sorghum, millet, and potato for which the estimated benefits in the meta-analysis only represent specific
countries and varieties.

The second factor is that the time coverage of benefits is not comprehensive (Table 13). There are gaps
in the time period covered, even though the evidence suggests adoption of CGIAR-related varieties for
the seven crops in years following and prior to those covered by the study (Evenson, 2003). Based on the
estimated adoption of improved varieties of these CGIAR-mandated food crops and their contributions to
yield growth, Evenson (2003) estimated the rate of return of the contribution of international agricultural
research centers to CGI research in SSA at 68%.34 The single year estimates included in the present study
for important food crops like maize, rice, and cassava, and the gaps in the covered time period for wheat
thus reflect uncounted benefits, which may be in hundreds of millions of US$.

Impacts of new or improved agricultural inputs
The meta-analysis includes two studies on new or improved agricultural inputs that increase the efficiency
of a farming system by either reducing the factor costs (labor or capital), or increasing the production of

32 This is based on the area planted to CGIAR-related improved maize varieties in late 1990s (3.6 million ha), wheat (1.8 million
ha), cassava (1.6 million ha), rice (1 million ha) and beans (0.26 million ha); and area planted to CGIAR-related varieties reported
in each study for sorghum (0.56 million ha), millet (0.13 million ha), and potato (0.06 million ha).

33 This is a crude estimate and does not take into account the variation over time in total area planted to different crops and the
adoption of CGIAR-related varieties. It is also based on the assumption that the adoption claims documented in Table 6 are
credible and plausible.

34 Note that this rate of return is an estimate of returns to investments on only CGI research. Hence it is not comparable with the
estimated IRR of the current analysis, which includes all investments by the CGIAR-NARS system to date.
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final outputs (crop and animal yields). The improved agricultural inputs under study were the broadbed-
maker plough, and the fodder bank technology, developed by ILRI-NARS partnerships.

Unlike CGI research, which remains an ongoing program activity at most commodity centers, these studies
represent examples of projects with specific objectives that are specifically undertaken for a period of time.
The broadbed-maker plough was an outcome of a joint collaborative project involving ILRI, ICRISAT, and
an Ethiopian NARS from 1986-1998. The estimated total benefit of US$0.8 million (present value) for
this technology is one of the lowest estimates included in the meta-analysis. The reason for this is mainly
its low level of adoption (due to the weight and cost of the technology). This technology was estimated to
be in use on only 625 ha of planted wheat and teff at the time of the project analysis (1999), 14 years after
the project was initiated (Rutherford et al., 2001). The estimated area of adoption represents about 0.2%
of the potential area on which this technology could be applied. This is the only study in the meta-analysis
where the estimated ex post benefits do not exceed the total project cost. In order to realize positive net
benefits, the study estimated that adoption levels would need to increase significantly from the observed
625 ha to 213,000 ha (0.2—4.2% of the total wheat and teff area in Ethiopia).

The study by Elbasha et al. (1999) assesses the benefits of ILRI-NARS research investments in fodder
bank technology from 1978-1997. The technology was promoted in West Africa as a method of fencing
and planting forage legumes to alleviate shortages experienced by agropastoralists during the dry season.
The estimated ex post benefits of US$55 million (present value) stem from the impact of this technology
on increased meat and milk production. These benefit levels are based on an estimated adoption rate by
the 1997 of 27,000 farmers (19,000 ha) across 16 countries in West Africa. Assuming that 1% of highly
suitable land could potentially be planted with the forage legume promoted by this project, the estimated
adoption rate represents a little over one-third of its potential (Elbasha et al., 1999).

The estimated adoption levels of 625 ha for the broadbed-maker plough and 19,000 ha for the fodder
bank technology are small adoption estimates when compared with the CGI research outputs. However,
the estimated realized benefits per hectare of adopted area per year for these two technologies are in the
range of US$130-180, which are comparable with the average benefits per year and per hectare of the
adoption of improved crop varieties.

These two studies illustrate the complexity of realizing net positive benefits from research on technologies
developed for a particular target population that require significant resources for their dissemination.
Unlike improved varieties, these technologies spread slowly on their own, and considerable facilitation in
terms of training, information, and materials is required to promote them.

It is difficult to assess the extent to which the total estimated benefits of CGIAR—-NARS research on
improved agricultural inputs (US$56 million in 2004) represent the actual benefits that may have been
realized from CGIAR-NARS investments in this category. Table 8 lists studies that assesses the adoption
and farm-level impacts of a fodder shrub technology promoted to smallholder dairy farmers by ICRAF
and the Kenya Agricultural Research Institute (Franzel et al., 2002). This study reports the adoption
of this technology reaching less than 1% of Kenya’s smallholder dairy farmers (2000). A more recent
estimate of adoption of this technology shows its spread to about 48,000 smallholder dairy farmers in
Kenya (7—8% of potential), and about 38,000 farmers in neighboring Tanzania, Uganda, and Rwanda
(Franzel and Mwanda, 2005).

Impacts of biological control research
The documented benefits of research on biological control of several pests that threaten the production of
major commodities in SSA contribute more than 80% of the total estimated benefits in the meta-analysis.
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These benefits stem from four IITA-led collaborative projects on biological control of the cassava mealybug
(Zeddies et al., 2001), cassava green mite (Coulibaly et al., 2004), mango mealybug (Bokonon-Ganta et al.,
2002), and water hyacinth (de Groote et al., 2003). The estimated ex post discounted benefits from only
one study, the cassava mealybug, recovers 80% of the total investments by the CGIAR—NARS partnership
in SSA to date. These benefits are quite significant and allude to the considerable success of this program
but also show that the results and conclusions drawn from the meta-analysis rely heavily on evidence from
the cassava mealybug study. Total documented benefits to date from the introduction of Apoanagyrus
lopezi (the control agent) to control the cassava mealybug are estimated at US$13.9 billion. This figure
is derived from the value of crop losses averted on about 9 million ha of cassava harvested in SSA. These
benefits are attributed to the mass-rearing of A. lopezi and its release in about 150 sites across 20 countries
over several years in the early 1980s. This case study on cassava mealybug is the most comprehensive
in terms of geographic coverage in the meta-analysis. The results from Zeddies et al. (1999) confirm the
projected high returns from an earlier impact study by Norgaard (1988) on the same technology.*

The other impact studies of biological control included in the meta-analysis are limited in geographic
scope and time, and thus explain the lower estimated total discounted benefits (e.g., US$529 million
for mango mealybug and US$218 million for water hyacinth) relative to cassava mealybug (Table 13).
The benefits of the control of mango mealybug are derived from the research, rearing and release of the
parasitic wasp (the control agent) at several sites in Benin from 1988-1993 by IITA-NARS partners. The
benefits are estimated as the difference in the value of mango production before and after the introduction
of the control agent at a household level. The estimated gain per household in mango production is then
extrapolated to the entire country of Benin based on the number of households producing mangoes and
the proportion of area affected by the control agent. The actual benefits of the mango mealybug control
program are estimated to be much higher than documented by Bokonon-Ganta et al. (2002), since
they did not include the benefits in other Central African countries where the control agents were later
disseminated at little additional cost.

The study on the impacts of the biological control of water hyacinth is limited to southern Benin (de Groote
et al., 2003). The estimated total benefits of US$218 million are derived from averting lost revenues for
men (mostly fishing) and for women (trade) as a result of the reduction in the water hyacinth cover in
rivers and lakes. Similarly, the study by Coulibaly et al. (2004) assesses impacts of research on biological
control of cassava green mite in Nigeria, Ghana and Benin. The impacts of this research are derived from
the value of increased cassava yields across the areas covered by the biological control agent.

The benefits in the meta-analysis of the biological control programs show that classical biological control
is a cost-effective and sustainable way of averting economic and environmental losses due to pests (Alene
et al., 2005). However, the estimated total benefits do not capture all the benefits from the CGIAR centers
regarding biological control and other integrated pest management (IPM) technologies. Additionally,
actual benefits would be expected to be higher than those highlighted in the meta-analysis since the three
studies included capture only the conventional financial benefits of biological control of pests, while the
benefits to ecological and human health have not been estimated.

Impacts of new or improved management practices and research on natural resource management
The evidence of impacts in this area of CGIAR research is insignificant (US$2.6 million in present value)
compared with the total documented discounted benefits of US$17.3 billion. These benefits are derived

35 Since both the studies deal with the same technology, only the more recent study by Zeddies et al. (1999) is included in the
meta-analysis. The study by Zeddies et al. is based on much more reliable data than those available to and reported by Norgaard
(1988).
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from two recent studies on the impact of improved integrated aquaculture—agriculture (IAA) management
practices (Dey et al., 2005), and the impacts of the fertilizer tree fallow system (Ajayi et al., 2005). The two
studies assess the impacts of these technologies related to natural resource management (NRM) in Malawi
and Zambia respectively. The benefits of these technologies (US$1.3 million each in present value) are
derived from increased productivity of farm outputs directly affected by improved management practices.
These estimates do not include any environmental, social, or health benefits, and are therefore considered
as lower bounds of potential impacts. The results allude to the location-specificity of such technologies,
and the dependence on local governments and NGOs in extending them to realize wider-scale impacts.

The missing impacts of research in the meta-analysis: what do they suggest?

As illustrated in Table 13, the meta-analysis includes a small number of studies representing three major
types of research outputs: improved varieties; improved inputs; and biological control. The absence of
notable impacts of other types of research outputs in which the CGIAR has invested significant resources is
quite apparent. This raises a question of whether these missing benefits are due to the lack of documented
impacts, or the lack of impact itself. Some of the important missing benefits include: research on breeding
improved varieties of cowpea, pigeonpea, plantain, soybean, sweet potato, and yam; genetic improvement
of fisheries; NRM; research on biodiversity; enhancing governance; improving policy; and strengthening
NARS.

However, for some commodity research such as that on groundnut, sorghum, rice, millet, and potato,
the evidence of documented adoption suggests that the missing benefits are principally due to the lack of
assessment rather than lack of impact. This also holds true for some types of research under the category
of integrated natural resource management. Several studies were found that document the diffusion and
adopter-level impacts of technologies such as improved fallow, fertilizer trees, alley farming, and no-till
(Manyong et al., 1999; Ekboir et al., 2002). However, due to the lack of estimated benefits, these studies
are not included in the meta-analysis. Some of the studies document significant adoption in recent years
and thus project substantial benefits in the future (Ajayi et al., 2005; Dey et al., 2005). Thus, the estimates
of adoption and the projected significant benefits of some of these technologies suggest that investments
in this type of research are likely to yield positive benefits. Their exclusion from the meta-analysis is a
reflection of the early stages of adoption (thus making it difficult to estimate ex post benefits), and not a
lack of impact potential.

Nevertheless, the currently available evidence that environmental protection and policy-oriented research
have generated substantial regional benefits is rather limited when compared to productivity-enhancing
investments in CGI and biological control. While methodological limitations prevent a definite conclusion
that such areas of CGIAR research have had few actual benefits, there is much more uncertainty about the
returns of these investments. This uncertainty may reduce expected benefits from investments in these
areas.

Moreover, there may be some reason to expect that actual levels of impact are likely to be limited.
Effective application of policy and environmentally oriented research findings often require substantial
local implementation capacity as recommendations are embedded in local regulatory frameworks and the
actions of other agencies. Therefore, if regulations are not enforced due to limited organizational capacity,
ineffective institutions, and/or problems of corruption, the impact of such research will be constrained.
Thus, in the context of SSA, where local implementation capacity is particularly limited, the benefits from
such activities may be especially restricted.

Increased CGIAR resources have been devoted to research in policy and environmental protection in
the region, while investments in productivity-enhancing research have stagnated or declined in recent
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years. The rationale for this shift is not entirely clear, and may be somewhat questionable in light of the
particular uncertainty that is characteristic of the potential impacts of environmental and policy-oriented
research. Taking this into account, the CGIAR centers need to better define how and why investment in
these areas should be realistically expected to benefit large numbers of Africa’s poor.

The following observations summarize the benefit—cost meta-analysis:

1. Thetotal investments by the CGIAR—NARS partnership in SSA to date are estimated at US$16.9 billion
(US$2004). The documented total benefits aggregated across all (ex post + ex ante sub-scenario) the
‘potential’, ‘plausible’, and ‘substantially demonstrated’ scenarios fully recover this total investment to
date.

2. If only reported benefits to 2004 are considered, in at least one extremely conservative scenario,
the aggregated benefits are not enough to cover the total investments to date by the CGIAR—-NARS
partnership. The estimated deficit in the level of ex post benefits to justify the total CGIAR-NARS
costs is US$1.3 billion (in compounded US$2004).

3. Several missing or non-quantified estimates of ‘plausible’ or ‘substantially demonstrated’ benefits for
which adoption is documented, and/or time coverage is limited suggest that the actual deficit may
be lower than reported in this assessment, or non-existent. The BCRs and the IRRs reported in
this study should therefore be viewed as the lower bounds of possible ratios and rates of
return, which are likely to be substantially higher in actuality and which will grow over
time.

Limitations of the benefit-cost meta-analysis

The most important limitation of this analysis is that the impact assessment coverage of research
investments by the CGIAR has been neither systematic nor comprehensive. The presence of a number of
research outputs with high observed levels of adoption but no impact assessments, suggests that some
likely impacts have not been quantified. If such is the case, the results presented here are certainly biased
downwards. Similarly, the exclusion of any ex ante projections of continuation of aggregate benefits prior
to and beyond the years of analysis also creates a downward bias in the results.

The validity and accuracy of the meta-analysis approach used in this study depends upon a number of
key assumptions. The analysis is based on documented studies that have only assessed positive benefits
of CGIAR—NARS research efforts. No systematic effort has been made to assess and quantify the impacts
of unintended or inappropriate outputs within the CGIAR. If CGIAR research in SSA has indeed led to
technologies or products that may have had negative impacts, the results presented in this assessment
may be an overestimate of aggregate benefits; the estimated BCRs may not be the lower-bound potential
impacts as claimed. However, given the problem of attribution and lack of data availability, no attempt is
made to account for negative impacts.

The limited number of studies included in the assessment makes it difficult to conduct any comprehensive
analysis of the CGIAR’s total investment portfolio. While the present analysis demonstrates whether past
investment in research in SSA has been minimally justified by known and measurable benefits, the results
are of limited relevance to future allocation of CGIAR investments. Due to attribution difficulties for
many research areas, it should be recognized that limited documented impact in certain areas does not
necessarily mean that benefits have not been generated.

The analysis is based on secondary sources of data (i.e. other impact studies) and as such, depends on the
clarity of the text of published reports or data files received from the study authors. Hence, the data used
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in the meta-analysis are not free from interpretation errors. In some cases, these assumptions may over-
or underestimate the methodological sophistication of the included analyses, thus affecting the placement
of a study within the three scenarios (potential, plausible, and substantially demonstrated).

The approach presented for the aggregate benefit—cost analysis points to the difficulty of estimating
the NARS costs when data are limited. As such, the results of these analyses are based on assumptions
and parameter values derived from a small sample of studies in the review list. If these assumptions are
incorrect, or if the CGIAR—NARS cost ratio used is not representative of true values, the results may over-
or underestimate the benefits attributed to the CGIAR system. However, for plausible values of cost ratio,
the results suggest that the BCRs are close to or greater than unity.
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5. Recommendations for Future Assessment Activities
by International Agricultural Research Centers and the
Standing Panel on Impact Assessment

The present study has observed a number of trends in the patterns of impacts documented in SSA that
merit further investigation. The results and conclusions drawn from the meta-analysis rely heavily on
the evidence of benefits from one impact study on the biological control research of cassava mealybug
(Zeddies et al., 1999). This reduces the weight of the results even though the aggregate benefit estimates
are based on the most conservative assumptions. More evidence of large-scale impacts from diverse areas
of research is therefore urgently needed to validate the results and conclusions of this meta-analysis.

The authors had a rich pool of adoption literature from which to choose. However, most of these studies
were of factors affecting adoption, which, although useful for informing research planning, do not provide
all of the information necessary for large-scale estimates of research benefits.

A fairly substantial pool of large-scale adoption estimates do exist for an array of CGI activities. About
two-thirds of the area represented by these estimates has been subjected to further rigorous ex post
impact assessment. However, many of these assessments on important food crops (e.g., maize, rice,
cassava, and wheat) have only estimated benefits from one single year. This means that substantial likely
impacts realized from adoption over longer time periods, wider geographic areas, and more food crops
(e.g., cowpea, sorghum, and groundnut) have escaped assessment, and conclusions about impacts in the
region are thus inherently conditional. Clearly, additional work is needed to assess the impact of these
CGI efforts thoroughly. More comprehensive studies of the impacts of CGIAR-NARS research akin to
Byerlee and Traxler (1995) are needed to document impacts of these important food crops in SSA.

Comparatively little rigorous evidence exists of large-scale adoption or impact in the region from outputs
other than those of biological control research or CGI. Given widely acknowledged methodological
difficulties in the impact assessment of certain research outputs (such as policy-oriented information),
it cannot be conclusively interpreted that these activities have had no impact. This observation certainly
warrants further investigation by SPIA. Other than for productivity enhancement, there are no major
large-scale studies (e.g., in NRM, policy, or biodiversity conservation) of the impacts of CGIAR research
in SSA, yet resources allocated to such studies are continuing to increase. This points to the need for
a serious evaluation of the impacts of these areas of research to better inform research priority setting
within the CGIAR system.

To address this issue comprehensively, improved assessment methods for research areas that are difficult
to assess are also needed. SPIA’s ongoing NRM impact assessment study and impact assessment studies
on policy-oriented research may make important contributions in this regard. With methodological
progress, perhaps a new array of research benefits will be revealed from these research activities.

It must also be noted that many of the older research activities with little evidence of extensive adoption
or impact are fairly conventional productivity-oriented farm-level technologies that should pose fewer
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methodological problems for conventional impact assessment. While there have been reviews of factors
affecting adoption in the region, no analysis to date has systematically exploited the full extent of these
studies. Thus, in a follow-up phase, it may be useful to quantitatively investigate the prevalence of different
observed adoption constraints for these technologies in the SSA context.
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6. Conclusions

While the aggregate picture of SSA is often depicted as gloomy, there has been encouraging progress in
some parts of the continent. However, this progress and the causal links between agricultural research and
developmental impacts are often less obvious in SSA than in other regions. It is in this context that this
study has attempted to inventory, synthesize and assess documented impacts of CGIAR-NARS partner
research.

The review of documented impacts of CGIAR research has revealed not only what the impacts are, but
also the gaps in impact assessment coverage. The majority of the studies reviewed assess productivity
impacts of new technologies. Very few studies were found that measure or document the social, equity,
environmental, health, and other types of impacts of agricultural research. This is not peculiar to the SSA
region, but represents the profile of the impact assessment literature globally, and reflects the fact that
the methodology for quantifying productivity impacts of research outputs or outcomes is much more
advanced than the methodology for quantifying other types of research impacts.

The results of the meta-analysis of aggregate costs and benefits indicate that in all but one scenario, the
aggregate benefits generated from documented impacts exceed the total investments in CGIAR-NARS
research in SSA to date. These estimates are based on extremely conservative assumptions and indicate
that this is a rare achievement in a region that is more often recognized for its development failures than
its successes. This conclusion, however, goes hand-in-hand with the following observations about the
documented impacts.

First, the documented levels of impact of CGIAR research in SSA do not match those calculated for the
overall global system (Raitzer, 2003). Furthermore, the benefits documented for the region are relatively
unique in that more than 80% of the benefits are generated by one study on the biological control of
cassava mealybug. This makes it difficult to draw any strategic conclusions about the total investment
portfolio of the CGIAR in SSA.

Second, it should be noted that few of the documented benefits are generated by CGI. This stands in
marked contrast to observations at a global level, where more than three-quarters of CGIAR research
benefits result from such activities (Raitzer, 2003). When it is considered that CGI research by international
agricultural research centers has contributed to varieties cultivated over an estimated 11 million ha in
SSA, this dichotomy becomes particularly apparent. Even if yield gains have been slight, it seems that
improved documentation of the impacts of such extensive adoption should raise aggregate benefits for
the region considerably.

Third, compared with the rest of the world, a higher proportion of the expenditure of the CGIAR in SSA
has been in the areas of NRM research, strengthening of NARS, and policy-oriented research. However,
the lack of documented impacts for this research in SSA begs the question: “Is this due to well-recognized
difficulties in the attribution and quantification of such benefits (Schuh and Tollini, 1978; Ryan, 2002;
and Kelley and Gregersen, 2003), or is it due to lack of impact itself?” Until appropriate methods are
better developed for these research areas, this question cannot be fully answered.
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To reinforce and validate the results of the meta-analysis that the CGTAR—NARS research partnerships
in SSA have generated net positive gains, CGIAR centers and SPIA should invest resources to document
evidence of large-scale impacts from areas of research that present attribution difficulties. Once relevant
assessment methods are developed and coverage is expanded, it is almost certain that many additional
benefits will be revealed, and the BCRs reported here will prove to be substantial underestimates.

56

CGIAR and NARS partner research in sub-Saharan Africa



References

Ahmed M.M., Masters W.A., and Sanders J.H. 1994. Returns to research in economies with policy
distortions: hybrid sorghum in Sudan. Agricultural Economics, 12: 183—192.

Ahmed M.M., Sanders J.H., and Nell W.T. 2000. New sorghum and millet cultivar introduction in sub-
Saharan Africa: impacts and research agenda. Agricultural Systems, 64(1): 55—65.

Ajayi O.C., Place F., Kwesiga F., and Mafongoya P. 2005. Fertilizer Trees, their Development, Socio-
Economic and Ecological Impacts in Southern Africa. Draft submitted to CGIAR Standing Panel
on Impact Assessment. World Agroforestry Centre: Nairobi, Kenya.

Alene A.D., Neuenschwander P., Manyong V.M., Coulibaly O., and Hanna R. 2005. The Impact of IITA-Led
Biological Control of Major Pests in Sub-Saharan African Agriculture: a Synthesis of Milestones
and Empirical Results. International Institute of Tropical Agriculture: Ibadan, Nigeria.

Alston J.M., Chan-Kang C., Marra M.C., Pardey P.G., and Wyatt T.J. 2000. A Meta-Analysis of Rates of
Return to Agricultural Research and Development: Ex Pede Herculem? IFPRI Research Report
113. International Food Policy Research Institute: Washington DC, USA.

Anandajayasekeram P., Martella D.R., SandersJ.,and Kupfurma B. 1995. Report on the Impact Assessment
of the SADC/ICRISAT Sorghum and Millet Improvement Program. Volumes I and II. Southern
African Development Cooperation: Gaborone, Botswana.

Baker J. 2000. Evaluating the Impact of Development Projects on Poverty: a Handbook for Practitioners.
World Bank: Washington DC, USA.

Bantilan M.C.S. and Deb U.K. 2003. Impacts of genetic enhancement in pearl millet. In: Evenson R.E.
and Gollin D. (Eds). Crop Variety Improvement and its Effect on Productivity: the Impact of
International Agricultural Research. CAB International: Wallingford, UK.

Bantilan M.C.S., Deb U.K., and Nigam S.M. 2003. Impacts of genetic improvement in groundnut. In:
Evenson R.E. and Gollin D. (Eds). Crop Variety Improvement and its Effect on Productivity: the
Impact of International Agricultural Research. CAB International: Wallingford, UK.

Baur H., Bosch M., Krall S., Kuby T., Lobb-Rabe A., Schiitz P.T., and Springer-Heinze A. 2001. Establishing
Plausibility in Impact Assessment. Deutsche Gesellschaft fiir Technische Zusammenarbeit:
Eschborn, Germany.

Bazelon C. and Smetters K. 2001. Discounting in the long-term. Loyola of Los Angeles Law Review,
35:277-291.

Bokonon-Ganta A.H., de Groote H., and Neuenschwander P. 2002. Socio-economic impact of biological
control of mango mealybug in Benin. Agriculture, Ecosystems and Environment, 93: 367—378.

Byerlee D. and Heisey P.W. 1996. Past and potential impacts of maize research in sub-Saharan Africa: a
critical assessment. Food Policy, 21(3): 255—277.

Byerlee D. and Traxler G. 1995. National and international wheat improvement research in the post
Green Revolution period: evolution and impact. American Journal of Agricultural Economics,
77: 268—278.

Carter J. 1995. Alley farming: have resource-poor farmers benefited? Natural Resources Perspective,
No. 3, June 1995. Overseas Development Institute: London, UK.

CGIAR. 2004. CGIAR Financial Report 2003. Secretariat, Consultative Group on International Agricultural
Research: Washington DC, USA.

CGIAR. 2005. CGIAR Financial Report 2004. Secretariat, Consultative Group on International Agricultural
Research: Washington DC, USA.

CGIAR. Various years. CGIAR Annual Report. Washington DC: CGIAR Secretariat. http://www.cgiar.
org/publications/annual/index.html.

Evidence of Impact to date — 57



CGIAR. Various years. Financial Report. Washington DC: CGIAR Secretariat. http://www.cgiar.org/
publications/finrep/index.html.

Coulibaly O., Manyong V.M., Yaninek S., Hanna R., Sanginga P., Endamana D., Adesina A., Toko M., and
Neuenschwander P. 2004. Economic Impact Assessment of Classical Biological Control of Cassava
Green Mite in West Africa. International Institute of Tropical Agriculture: Cotonou, Benin.

Dalton T.J. and Guei R.G. 2003. Ecological diversity and rice varietal improvement in West Africa. In:
Evenson R.E. and Gollin D. (Eds). Crop Variety Improvement and its Effect on Productivity: the
Impact of International Agricultural Research. CAB International: Wallingford, UK.

de Groote H., Ajuonua O., Attignona S., Djessoub R., and Neuenschwander P. 2003. Economic impact of
biological control of water hyacinth in southern Benin. Ecological Economics, 45(1): 105—117.

Deb U.K and Bantilan M.C.S. 2003. Impacts of genetic improvement in sorghum. In: Evenson R.E.
and Gollin D. (Eds). Crop Variety Improvement and its Effect on Productivity: the Impact of
International Agricultural Research. CAB International: Wallingford, UK.

Dey M.M., Kambewa P., Prein M., Jamu D., Paraguas F.J., and Briones R.M. 2005. Development and
dissemination of integrated aquaculture-agriculture (IAA) technologies in Malawi. Draft Paper
Submitted to SPIA. WorldFish Center: Zomba, Malawi.

Doss C.R., Mwangi W., Verkuijl H., and de Groote H. 2003. Adoption of Maize and Wheat Technologies
in Eastern Africa: a Synthesis of the Findings of 22 Case Studies. Centro Internacional de
Mejoramiento de Maiz y Trigo: Mexico DF, Mexico.

Eicher C.K. and Rukuni M. 2003. The CGIAR in Africa: past, present, and future. In: The CGIAR at 31: An
Independent Meta-Evaluation of the Consultative Group on International Agricultural Research.
World Bank: Washington DC, USA.

Ekboir J., Boa K., and Dankyi A.A. 2002. Impact of No-Till Technologies in Ghana. Centro Internacional
de Mejoramiento de Maiz y Trigo: Mexico DF, Mexico.

Elbasha E., Thornton P.K., and Tarawali G. 1999. An Ex Post Economic Assessment of Planted Forages in
West Africa. ILRI Impact Assessment. Series 2. International Livestock Research Institute: Nairobi,
Kenya

Evenson R.E. 2003. Production impacts of crop genetic improvement. In: Evenson R.E. and Gollin D.
(Eds). Crop Variety Improvement and its Effect on Productivity: the Impact of International
Agricultural Research. CAB International: Wallingford, UK.

Evenson R.E. 2001. Economic impacts of agricultural research and extension. In Gardner B.L. and
Rausser G.C. (Eds). Handbook of Agricultural Economics. Volume 1A. Elsevier: Amsterdam, The
Netherlands

Evenson R.E. and Gollin D. (Eds) 2003. Crop Variety Improvement and its Effect on Productivity: the
Impact of International Agricultural Research. CAB International: Wallingford, UK.

Evenson R.E. and Rosegrant M. 2003. The economic consequences of CGI programs. In: Crop Variety
Improvement and its Effect on Productivity: the Impact of International Agricultural Research.
CAB International: Wallingford, UK.

Fall A. 2005. Impact economic de la recherche rizicole au Senegal et au Mauritanie. Agronomie Africaine,
5: 53—62.

Falusi A.O. and Afolami C.A. 1999. Effect of technology change and commercialization on income equity
in Nigeria: the case of improved cassava. Paper presented at the CIAT workshop on Assessing the
Impact of Agricultural Research on Poverty Alleviation. San Jose, Costa Rica, September 1416,
1999. Centro Internacional de Agricultura Tropical: Cali, Colombia.

Franzel S., Arimi H., and Murithi F. 2002. Calliandra calothyrsus: assessing the early stages of adoption
of a fodder tree in the highlands of central Kenya. In: Franzel S. and Scherr S.J. (Eds). Trees on the
Farm: Assessing the Adoption Potential of Agroforestry Practices in Africa. CAB International:
Wallingford, UK.

Franzel S. and Mwanda F. 2005. Estimating the numbers of farmers planting fodder shrubs in East Africa.
Paper submitted to Prunus Agroforestry Newsletter. World Agroforestry Center: Nairobi, Kenya.

58 — CGIAR and NARS partner research in sub-Saharan Africa



Gardner B. 2003. Global public goods from the CGIAR: impact assessment. In: The CGIAR at 31: An
Independent Meta-Evaluation of the Consultative Group on International Agricultural Research.
World Bank: Washington DC, USA.

Gryseels G. and Groenewold J.P. 2001. Contributions made by the CGIAR and its Partners to Agricultural
Development in Sub-Saharan Africa. Food and Agriculture Organization of the United Nations:
Rome, Italy.

Heisey P.W., Lantican M.A., and Dubin H.J. 2002. Impacts of International Wheat Breeding Research
in Developing Countries, 1966—97. Centro Internacional de Mejoramiento de Maiz y Trigo: Mexico
DF, Mexico.

Johnson N.L., Pachico D., and Wortmann C.S. 2003a. The impact of CIAT’s genetic improvement research
on beans. In: Evenson R.E. and Gollin D. (Eds). Crop Variety Improvement and Its Effect on
Productivity: the Impact of International Agricultural Research. CAB International: Wallingford,
UK.

Johnson, N.L., Pachico D., and Wortmann C.S. 2003b. The impact of IARC genetic improvement
programmes on cassava. In: Evenson, R.E. and D. Gollin (Eds.) Crop Variety Improvement and
Its Effect on Productivity: The Impact of International Agricultural Research. CAB Interntional:
Wallingford, UK.

Kelley T. and Gregersen H. 2003. NRM impact assessment in the CGIAR: meeting the challenge and
implications for ICRISAT. In: Shiferaw B., Freeman H.A., and Swinton S.M. (Eds). Natural Resource
Management in Agriculture: Methods for Assessing Economic and Environmental Impacts. CAB
International: Wallingford, UK.

Lantican M.A., Dubin H.J., Morris M.L. 2005. Impacts of International Wheat Breeding Research in the
Developing World, 1988—2002. Centro Internacional de Mejoramiento de Maiz y Trigo: Mexico
DF, Mexico.

Lele, U., Barrett C., Eicher C.K., Gardner B., Gerrard C., Kelly L., Lesser W., Perkins K., Rana S., Rukuni M.,
and Spielman D.J. 2003. The CGIAR at 31: An Independent Meta-Evaluation of the Consultative
Group on International Agricultural Research. Operations Evaluation Department, World Bank:
Washington DC, USA.

Manyong V.M., Kling J.G., Makinde K.O., Ajala S.O., and Menkir A. 2003. Impact of IITA Germplasm
Improvement on Maize Production in West and Central Africa. International Institute of Tropical
Agriculture: Ibadan, Nigeria.

Manyong V.M., Houndékon V.A., Sanginga P.C., Vissoh P., and Honlonkou A.N. 1999. Mucuna fallow
diffusion in southern Benin. Impact series. International Institute of Tropical Agriculture: Ibadan,
Nigeria.

Maredia M., Byerlee D., and Anderson J.R. 2000. Ex post evaluation of economic impacts of agricultural
research programs: a tour of good practice. In: The Future of Impact Assessment in the CGIAR:
Needs, Constraints and Options. Food and Agriculture Organization of the United Nations: Rome,
Italy.

Maredia, M. and Byerlee D. 1996. Measures of efficiency of wheat improvement research: A comparative
analysis of national and international research systems in developing countries. Paper presented
at the International Conference on Global Agricultural Science Policy for the Twenty-First
Century. Melbourne, Australia, 26—28 August, 1996. International Food Policy Research Institute:
Washington DC, USA.

Matlon P., Randolph T., and Guei R. 1996. Impact of rice research in West Africa. In: Prabhu L. and
Pingali M.H. (Eds). Impact of Rice Research. International Rice Research Institute: Los Bafios, the
Philippines.

Morris M.L., Mekuria M., and Gerpacio R. 2003. Impacts of CIMMYT maize breeding research. In:
Evenson R.E. and Gollin D. (Eds). Crop Variety Improvement and Its Effect on Productivity: the
Impact of International Agricultural Research. CAB International: Wallingford, UK.

Evidence of Impact to date — 59



Norgaard R.B. 1988. The biological control of cassava mealybugin Africa. AmericanJournal of Agricultural
Economics, 70: 366—371.

Pingali P.L. 2001. Milestones in Impact Assessment Research in the CGIAR, 1970-1999. Centro
Internacional de Mejoramiento de Maiz y Trigo: Mexico DF, Mexico.

Raitzer D.A. 2003. Benefit—Cost Meta-Analysis of Investment in the International Agricultural Research
Centers of the CGIAR. Food and Agriculture Organization of the United Nations: Rome, Italy.

Raitzer D.A. and Lindner R. 2005. Review of the Returns to ACIAR’s Bilateral R&D Investments.
Impact Assessment Series 35. Australian Centre for International Agricultural Research: Canberra,
Australia.

Rohrbach D.D., Lechner W.R., Ipinge S.A., and Monyo E.S. 1999. Impact from Investments in Crop
Breeding: the case of Okashana 1 in Namibia. Impact Series Number 4. International Crops
Research Institute for the Semi-Arid Tropics: Patancheru, India.

Rueda J.L., Ewell P.T., Walker T., Soto M., Bicamumpaka M., and Berrios D. 1996. Economic impact of
high-yielding, late blight resistant varieties in the East and Central African highlands. In: Walker T.
and Crissman C. (Eds). Case Studies of the Economic Impact of CIP-Related Technologies. Centro
Internacional de la Papa: Lima, Peru.

Rutherford A .S., Odero A.N., and Kruska R.L. 2001. The Role of the Broadbed-Maker Plough In
Ethiopian Farming Systems: An Ex Post Impact Assessment Study. ILRI Impact Series Number 7.
International Livestock Research Institute: Nairobi.

Ryan J. 2002. Synthesis Report of Workshop on Assessing the Impact of Policy-Oriented Social Science
Research. Scheveningen, The Netherlands, November 12—13, 2001. Impact Assessment Discussion
Paper 15. International Food Policy Research Institute: Washington DC, USA.

Salter A.J. and Martin B.R. 2001. The economic benefits of publicly funded basic research: a critical
review. Research Policy, 30: 509—532.

Schuh G.E. and Tollini H. 1978. Costs and Benefits of Agricultural Research: State of the Art, and
Implications for the CGIAR. Consultative Group on International Agricultural Research Washington
DC, USA

Slavin R.E. 1995. Best evidence synthesis: an intelligent alternative to meta-analysis (review). Journal of
Clinical Epidemiology, 48: 9—18.

Tre J.P. 1995. The Rates of Return to Mangrove Rice Research in West Africa. Unpublished M.Sc. thesis.
Purdue University: West Lafayette, Indiana, USA.

Walker T.S., Bi Y.P., Li J.H., Gaur P.C., and Grande E. 2003. Potato genetic improvement in developing
countries and CIP’s role in varietal change. In: Evenson R.E. and Gollin D. (Eds). Crop Variety
Improvement and its Effect on Productivity: the Impact of International Agricultural Research.
CAB International: Wallingford, UK.

Yapi A.M., Debrah S.K., Dehala G., and Njomaha C. 1999. Impact of Germplasm Research Spillovers:
the Case of Sorghum Variety S35 in Cameroon and Chad. Impact Series Number 3. International
Crops Research Institute for the Semi-Arid Tropics: Patencheru, India.

Zeddies J., Schaab R.P., Neuenschwander P., and Herren H.R. 2001. Economics of biological control of
cassava mealybug in Africa. Agricultural Economics, 24: 209—219.

60 — CGIAR and NARS partner research in sub-Saharan Africa



List of Studies Reviewed for Meta-Analysis

Ahmed M.M., Masters W.A., and Sanders J.H. 1994. Returns to research in economies with policy
distortions: hybrid sorghum in Sudan. Agricultural Economics, 12: 183—192.

Ajayi O.C., Place F., Kwesiga F., and Mafongoya P. 2005. Fertilizer Trees, Their Development, Socio-
Economic and Ecological Impacts in Southern Africa. Draft submitted to CGIAR Standing Panel on
Impact Assessment. World Agroforestry Centre: Nairobi, Kenya.

Anandajayasekeram P., Martella D.R., SandersJ.,and Kupfurma B. 1995. Report on the Impact Assessment
of the SADC/ICRISAT Sorghum and Millet Improvement Program. Volumes I and II. Southern
African Development Cooperation: Gaborone, Botswana.

Bokonon-Ganta A.H., de Groote H., and Neuenschwander P. 2002. Socio-economic impact of biological
control of mango mealybug in Benin. Agriculture, Ecosystems and Environment, 93: 367—378.

Byerlee D. and Traxler G. 1995. National and international wheat improvement research in the post Green
Revolution period: evolution and impact. American Journal of Agricultural Economics, 77(2):
268-278.

Coulibaly O., Manyong V.M., Yaninek S., Hanna R., Sanginga P., Endamana D., Adesina A., Toko M., and
Neuenschwander P. 2004. Economic Impact Assessment of Classical Biological Control of Cassava
Green Mite in West Africa. International Institute of Tropical Agriculture: Cotonou, Benin.

Dalton T.J. and Guei R.G. 2003. Ecological diversity and rice varietal improvement in West Africa. In:
Evenson, R.E. and Gollin D. (Eds), Crop Variety Improvement and Its Effect on Productivity: the
impact of international agricultural research. CAB International: Wallingford, UK.

de Groote H., Ajuonua O., Attignona S., Djessoub R., and Neuenschwander P. 2003. Economic impact of
biological control of water hyacinth in Southern Benin. Ecological Economics, 45(1): 105—117.

Dey M.M., Kambewa P., Prein M., Jamu D., Paraguas F.J., and Briones R.M. 2005. Development and
dissemination of integrated aquaculture-agriculture (IAA) technologies in Malawi. Draft Paper
Submitted to SPIA. WorldFish Center: Zomba, Malawi.

Elbasha E., Thornton P.K., and Tarawali G. 1999. An Ex post Economic Assessment of Planted Forages
in West Africa. ILRI Impact Assessment. Series 2. International Livestock Research Institute:
Nairobi.

Fall A. 2005. Impact economic de la Recherche Rizicole au Senegal et au Mauritanie. Agronomie Africaine,
5: 53—62.

Heisey P.W., Lantican M.A., and Dubin H.J. 2002. Impacts of International Wheat Breeding Research
in Developing Countries, 1966—97. Centro Internacional de Mejoramiento de Maiz y Trigo: Mexico,
DF.

Johnson N.L., Pachico D., and Wortmann C.S. 2003a. The impact of CIAT’s genetic improvement research
on beans. In: Evenson R.E. and Gollin D. (Eds). Crop Variety Improvement and Its Effect on
Productivity: the Impact of International Agricultural Research. CAB International: Wallingford,
UK.

Johnson, N.L., Pachico D., and Wortmann C.S. 2003b. The impact of IARC genetic improvement pro-
grammes on cassava. In: Evenson, R.E. and D. Gollin (Eds.) Crop Variety Improvement and Its
Effect on Productivity: The Impact of International Agricultural Research. CAB International:
Wallingford, UK.

Lantican M.A., Dubin H.J., and Morris M.L. 2005. Impacts of International Wheat Breeding Research in
the Developing World, 1988—2002. Centro Internacional de Mejoramiento de Maiz y Trigo: Mexico
DF, Mexico.

Evidence of Impact to date — 6l



Manyong V.M., Kling J.G., Makinde K.O., Ajala S.O., and Menkir A. 2003. Impact of IITA Germplasm
Improvement on Maize Production in West and Central Africa. International Institute of Tropical
Agriculture: Ibadan, Nigeria.

Morris M.L., Mekuria M., and Gerpacio R. 2003. Impacts of CIMMYT maize breeding research. In:
Evenson R.E. and Gollin D. (Eds). Crop Variety Improvement and Its Effect on Productivity: the
impact of international agricultural research. CAB International: Wallingford, UK.

Rohrbach D.D., Lechner W.R., Ipinge S.A., and Monyo E.S. 1999. Impact from Investments in Crop
Breeding: the Case of Okashana 1 in Namibia. Impact Series Number 4. International Crops
Research Institute for the Semi-Arid Tropics: Patancheru, India.

Rueda J.L., Ewell P.T., Walker T., Soto M., Bicamumpaka M., and Berrios D. 1996. Economic impact of
high-yielding, late blight resistant varieties in the East and Central African highlands. In: Walker T.
and Crissman C. (Eds). Case Studies of the Economic Impact of CIP-Related Technologies. Centro
Internacional de la Papa: Lima, Peru.

Rutherford A.S., Odero A.N., and Kruska R.L. 2001. The Role of the Broadbed-Maker Plough In
Ethiopian Farming Systems: an Ex Post Impact Assessment Study. ILRI Impact Series Number 7.
International Livestock Research Institute: Nairobi.

Tre J.P. 1995. The Rates of Return to Mangrove Rice Research in West Africa. Unpublished M.Sc. thesis.
Purdue University: West Lafayette, Indiana, USA.

Yapi A.M., Debrah S.K., Dehala G., and Njomaha C. 1999. Impact of Germplasm Research Spillovers:
the Case of Sorghum Variety S35 in Cameroon and Chad. Impact Series Number 3. International
Crops Research Institute for the Semi-Arid Tropics: Patencheru, India.

Zeddies J., Schaab R.P., Neuenschwander P., and Herren H.R. 2001. Economics of biological control of
cassava mealybug in Africa. Agricultural Economics, 24: 209—219.

62 — CGIAR and NARS partner research in sub-Saharan Africa



s1oedwil
2188033y

uondopy

uondopy

s3oedwil

9188233y

s1oedwi
|oA9-WLIe

s1oedw
91832433y

s1oedw
91e80.33y

s3oedwil
[9AS]-Wiie]

s1oedw
[9AS]-We

sisA[eue 1s0d-11jouag

syoedw

[9AS]-WLI} JO Sa03BdIpUl
awos pue uondope

Jo uoneluswNd0Qg

Apnis uondopy

snjduns s1wouo23

JusWIssasse 310edwl] |9A9)
-wiey ‘Apms uondopy

s3oedw| [BIUSWUOIIAUD
‘sisAjeue 1s0d-31joUag

sn|duns
2IWOUO0I3 sisAjeue
wniqinbs jenJey

sisAjeue 2i80| ‘Apmis
10edw pue uondopy

sasuodsau
ASAJNS UO paseq
syoedwi [9A9)-193dopy

elep

AJepuodas ‘sAoAJns wueq

©)Ep AJBPUODDS ‘SASAINS
Suriojuow 3oedw)

elep
AJBpUOD3S {SA9AUNS WLIBy
-uo ‘sajuedwod Jo AdAING

e3ep
AJepuodas ‘sjely pjalq

s[eln) p|oyy {skoAJns
{SMIIAIRIUI JoWIB

s1o|d
Ww.iey wouy eyep AJewldd

e3ep AJepuodas ‘erep
[9AS]-WLIB) ‘S3BS Pag

ASAIng

sJ9onpoud unoyy

BABSSED [E[2J2WWO-Uou
PUE [BIDJ3WWOD YIIM
SMB3IAJIRIUI pue A3AJNg

66—9861

661861

86—9861

660861

98-9.61

€0-6861

676161

9661

86—966 |

ujusg

'Y
uJayanog

'Y
ue.eyeS-qng
$3143UNOd
uonetadoor)
auswdojaasq
uedlyy
uJayanog

BlI93IN

eiquiez

uepng

BOLYY [BUBD
PUB IS9AA

BIIR3IN

VLIl

1VSI¥OI

1VSI¥OI

1VSI¥OI

VLIl

4Vl

1VSidDlI

VLI

VLIl

(8ngAesw
o3uew) [0.43u0d
[e2130]01g-- W

Aya1ueA paroaduw)

Aia1ueA paroaduw)

Aia1ueA paroaduw)

Aya1ueA paroaduw|

wasAs Moj[eq

Aa1ueA paroaduw|

Suiwrey A9y

Buissanoud pooy

o3uel

Inupuno.5

21N
9w

Jwnys.og

BAESSED)

VN

wnysuos

VN

BABSSED)

P9y Joyane ay1 Aq Jap.o [ednaqeyd|e ul paisi| aJe saIpnig

ulusg

u1 8ngAjeaw oduew jo
|o.auod [ed18ojolq Jo
12edw 2|WOUOI30108

anupunoJ3
ul JuswaAoadu
onduad jo syoedw|

91w
[4ead ul auswadueyUS
anduad jo syoedw

weu3o.ud Juswaroidu)
39]|1| pPuUe wnydiog
1VSI¥D1/0avs

3Y3 JO JUDWISSDSSE
1oedw a3 uo 1i0day

S861-9/6 1| ‘@Hd3IN
‘9383G OAQ Ul SB1IBIIBA
BABSSED /| || JO 20edW)

BIQWEBZ Ul SMOJ[&}

99,3 J43Z1|1343) JO ISBD
3Y3 :SJ2WLIB) SIS
-|[ews uo sa13ojouyd3)
WYN jo 10edw

uepng ur wnygJos
pl4gAY :suopnJolsip
Ad1j0d yum sarwouodd
Ul YdJeasad 03 sudniay

BOLIY [B1IUDD)
pue 3s9AA U1 Suiwiaey
As||e jo uondope
pue syys Adljog

el1a8IN ul ASojouyday
Jnoy eAessed Ajenb
-y31y ay jo 30edw|

00T

€00C

€00C

S661

6861

S00¢

¥661

6661

866 |

d Jopuemydsusnap
pue “H 3100.5)

9p “H'V BIueD)
-uouoyjog

"N'S wesdiN
pue“yN 92a
“S'D'W Ueaueg
N 9@

PUE'S'D'W UBjnUEg

‘e39d
weajasedelepueuy

ERA I[N}
pue “] ‘|sawaigqen
“O’IW BpOIOdyY

d eAo3uojey
pue y e3Isamy] ‘Y
ade|d “D'O ely

‘H[ suapues

PUE “\/AA SJ1SB[A|
“WIW PaWyy

‘D) Najwey|

pue [ nuewyy “qg
eIl “Dd edulsues
“IA Suohuely

“O Aleqinod

“V'V Bulsspy

‘W BSuedjog pue “y
njogeuQ “g'V sseqy

¢ dojg ul aseqejeq ay3 ul papnjauj saipnig 3deduwi] 1s0d x3 jo uonew.oju] siydeadolqig

Vv Xauuy

63

Evidence of Impact to date



s1oedwil
|9AS]-Wiie]

syoedw
91e32.83y

s1oedwil
|9AS]-Wiie]

uondopy

s1oedwil
91e30.83y

syoedwi
|oAS|-wIe

syoedwi
21e3au33y

syoedwi
91e30.83y

s1oedwil
91e30.83y

Apnis uondopy

pa1Jodau sioredipul
1oedwi 92Inosal pue
2IWOU0I3 ‘[B120S JaY1QO
tsnjduns ojwouody

uononpo.d paseaudul
JO 3N[BA S21BWINSD
‘e3ep A9AJNS JO sisAjeuy

syoedw

[9AS]-WLIB} JO SJOJBDIpUI
awos pue uondope

JO uonEIBWNd0(]

e)ep A9AUNS
pjoyasnoy uo paseq
sisA|eue 31s0d-3ousg

JuswWIssasse 30edwl [9A3)
-w.ey LApmas uondopyy

10edwi [epUBUY

Jo a1ewnsa onsijiqeqoad
SALISp 01 anbiuyda
oJeD) 2UO|,| {43k duo
10} jeWSS GYVD

sn|dans J1wouod3

snjduns dlwouod]

Jaded mainey

3eIgYsly OV4 Pue AeAing

AaAans 1oedw)

©)ep AJepuodas sASAJNS
Suriouow 1oedw)

sAeAJns
[ew.opul ‘e3ep Auepuodas
‘skoAJns pjoyasnoH

Asaang

ejep
AJepuodas ‘skaAdns wiiey

eJEp AJEpuodas ‘eIep
Siwouo.ge [eauswiiadxy

eyep
AJepuodas {sASAJNS wWiiey

(panunuod) ¢ deig ul aseqereq aya ul papnjdu| salpmg 30edw| 3504 X3 jJo uonewdoyu] diydeadolqlg ¢ Xauuy

000¢

919861

8661

S6-1L61

66-1661

8661

8661

01-€861

06—LL61

'UBRYD

IMe[ely

uooJswe)

ey
ueJeyes-qng

uluag

epuesn

BOLIY ISIAA
uj s31IIUNOD
USASS

BIIBSIN
‘eueyo) ‘uluag

[eq01D

LAWKWID [ ON
A3ojouydan
(V1) @4nyyno1iSe
-aJn3jnoenbe
USIPMOAA paje.gdaiu|
dI> fa1eA paroadu)
1VSIYDI  A391deA panoadu)
(y3udeAy Jo3EM)
Pa9aM JO |0.3U0d
VLI [e2180]01G—INd
1vID A3a14eA paroadu)
VAYVA  AisLiea paroadw)
(53w
u32.8) |o.Iuod
VLI [e2130]01G—|\d

TAWWID  A81aeA paroaduw)

VN

VN

o1e104

wnysJog

ysig

ueag

CRIN

BAEBSSED)

TBYA

"BUBYD) Ul s3I80jouyd33
[112-ou jo 3oedw|

IMe[E|, Ul sai13ojouyda)
(VVI) 2an3noLide
-aamjnoenbe
paje.danul jo
UONBUIWSSSIP

pue Juawdojprsg

uooJsswed)

u| pasesjaJ (ediqn].
pue eaidiD) sanalieA
orer0d oml jo 1oedwil
5]WOU0I30120§

wnygJos
uj Juswanoadwiy
onduad jo syoedw

ulusg uasyanos

ul YaudeAY Ja3em Jo
|oJauod [ed180]01q
Jo 1oedwy djwouody

BPUESM WO} DUSPIAD
‘BOLIY UBJRYRS-gNS

ur uondnpau Auarod
uo A3ojouyda) ueaq
Pa1UaLI0-32UISISqNs
puE 333JeW JO 3sn

ay1 jo s1oedw)

LYY

ISOAA Ul 2UBWA0IdWI
A3311BA 9014 pUE
A1saaA1p [€d180]007

B ISOAA

ul 931W U338 BABSSED
Jo |os3u0d [ed130j01q
|eJISSEd JO JUSWISSISSE
35edw| djwouod]

syoedwi pue

UOIIN|OAS :UOIIN|OAD.I
ussJ8-1sod sy ul
yoJeasau Juswaroiduwi
1BSYM [BUONBUISIUI
pue [euoneN|

200¢

S00¢

€00C

€00¢C

€00C

€00¢C

€00C

¥00¢

9661

V'V 1bjueq pue
“> eog “[ 41093

‘WY sauolg
“[4 sen3eJed “Q
nwief |y urR.g
‘d emaquiey
..Z.Z %UD

d owa pue [ 10y
“Q waenIN “Aoyeq@

'S O’'W ugjaueg
PUE'N 9o

d JopuemydsusnaN
pue “y gnossalg
g BUOUSMIY

“O enuonly

“H ®100.5) 9p

'S 1IZOsey| pue
“Y ALa1y| s piaeq

O
1ano) pue [} uoleq
d Jopuemydsusnan

pue “|J oL

“V euisspy“Q
BUBWIEPUT ‘Y
e3uidueg “y euueH
“g dauluey

“WA Suohuely

“O Apeqinod

"D J9|Xe]
pue'q 93}u94g

8l

Al

9l

Sl

id

€l

[l

0l

CGIAR and NARS partner research in sub-Saharan Africa

64



s3oedw
[9AS]-WIB]

s1oedwil
91e30.33y

uondopy

uondopy

s3oedw
[9AS]-WIB]

syoedw

91e32.33y

s1oedwi
91e30.33y

uondopy

s3oedw
91e32.33y

Apnis uondopy

snjduns Jjwouod3

Apnis uondopy

Apnis uondopy

ured uonsnpoud
Jo anjeA Apms uondopy

sn|duns sjwouod3

sn|duns >jwouod3

syoedwi Sujured)

sn|duns s1wouo2s
‘{|opow uone|nwis pJaH

AdAJns Jswiiey

eJEp
AJepuodas pue AsAJng

eJEp AJBpUODDS
‘sweadoud Suipaauq
JO ASAJNS IMaIARY

sajes

paas Auepuodas ‘weagoud

3uipaauq Jo AsAung

AaAans ajdweg

sy|nsaJ Apnis 31seq

e)ep AJepuodas
‘s|eLn paly ‘AsAing

AaAang

uondope uo
uonda|jod erep AJewrud
‘AdAJns aumye.ar]

(penunuod) ¢ deag ul aseqeie aya ul papndu| saipnig 1oedw| 1504 X3 jo uonewuou| olydesSolqlg ¢ Xxauuy

L6—€661

£6=9961

£6—9961

£6—9961

00—1661

€6-0L61

000T—5861

£6—8L61

£6—8L61

BLIDSIN

[eq0|D
BILYY
uJayInos
pue 3se3 ul
$3113UN0Od
UDASS

ey
uJayanos
pue 3se3 ul
S3113UNOD
SAIPML

eAUDY|

BIIB3IN

BlUEIIINE|
pue |eSauag

eidoiyag
puE eAUDY|
BOLIY ISOAA
ul s911UNod
uodyl4

VLI

LAWNID

LAWNID

LAWNID

dVYOI

VLI

VA4YvVM

kNl

T

Aya1aeA paroaduw) eadmoD)
A1a1ueA paroadu) JBYAA
A1a1ueA paroadw) 1B3YAA
Aa1ueA paroadu) EYALIN|
qnuys Jappo4
A1s11eA paroadu) BABSSED)
f1a1ueA paroadw) CRIN|
Suures| VN
>|ueq J9ppo4 VN

BLIDSIN

JO UOZ plIB-IWIS Y}
ul eadmod asodund
-[enp uoseas AJp jo
1oedw pue uondopy

£6-9961
‘sa1nunod 3uidojeasp

ul YyoJeasad 3ulpaauq
JB9YM [BUOREUIAIUI
Jo s1dedw|

L6996 By
UJ3YINos pue UJaISed
ul yoJeasau uipaalq
1B9YM [BUONEBUIDIU|

16—996 | ‘s10109s
a1eAld pue ojgnd ays
Aq spew sjuswisaAul

ased jo syoedwi

pue sn3els Jua.und
{BDLIY UJIBYINOS pue
UJ91SB] Ul YdJeasal
3uipaauq azrel|

eAUDY|

[es3uad jo spuejydiy
33 Ul 9943 1SppO} B
Jo uondope jo sagdels
Alaes sy Suissesse
:snsiAy1r0jp> papupiyp)

BABSSED
panoadwi jo ased aya
:A3nba swooul uo
UONEZ|[BI2J3WWOD
pue a3ueyd
A3ojouyday Jo 109)3

SluelLINely
ne 39 [e3auag ne
3]|021ZIY dYDI3YdY B
9p 21wou03s 1oedw|
140dau ssad0ud

pUE S|00] € :23msu|
U289y >D01SBAIT
[euoneuIRIU| BY) JO
we.3oud diysmoja}
ajenpe.s ay Jo
3oedwi aya 3une njeAg
BDIIJY ISOAA Ul s23eI0)

pa3ued jo Juswissasse
21WOU02d 1504 X3 Uy

6661

200t

000t

100C

00T

6661

S00C

00T

666 |

'S I[emede]
pue “y'y BUISSpY
“IA SuoAuely
“d eduidues “q'g
y3uig “H Iwnzeu|

‘[H wang
pue “\y/’|4 uedsnue’]
“Md AosiaH

V' Uednue
PU® ‘AAY ASsIBH

WM 18uEMy
pue “|| eLmeL|
‘WY uesseH

4 yalinpy pue
‘H WLy S [9zue.y

VO
IWE|O)Y “O'V Isn|e4

VR4

"W A3][ews pue |y
dPpwaq “H AlqueH
“H wiye.q) Y 453

"D I[eMeUE] PUE “Hd
uojuJoy | “3 eyseq|g

LT

9¢

S¢

¥

€T

e

0¢

6l

65

Evidence of Impact to date



s1oedwil
91e30.83y

syoedwi
|oAS|-we

uondopy

s3oedwii
91e32.83y

s1oedwil
91e30.83y

uondopy

syoedwi
|oA9-wIe

s3oedwii
91e32.33y

s1oedwil
91e30.83y

sisAjeue 3s0d
-3y2uaq Apnas uondopy

Apnis uondopy

Apnis uondopy

s1oedw Suluiess
‘uononpo.d pases.oul Jo
uonenjeA ‘Apms uondopy

sisA[eue 350
—1jpuaq ‘Apmis uondopy

sisAjeue 31qoj ‘Apn3s
uondope BupuaJlajei09n)

Apnmas uondopy

uononpo.d pasea.oul
J0 anjea ‘uondopy

uononpo.d pasea.oul
Jo anjeA ‘tuondopy

eJep AJepuodas ‘sweasoad
Suipaauq aaeald
pue 21jqnd jo AsAJng

s1amoud
9ZIeW JO ASAJUNS [BUONEN|

AaAang

eyep AJepuodas uojuido
149dxa ‘suspes| weudoud
Suipaauq aziew jo A3Aung

e3ep
AJepuodas pue AsAJng

sdnoug
SN0} ‘SMIIAIDIU] JOWLIRY
‘SASAJNS [9A9] 33| |IA

©JEp AJBpUODAS
{MIIADI 91N1BISII| ASAING

eyep AJepuodss y|D Aq
suoneuswnOop 3oedw|

eIep AJBpUOIaS {V|D
Aq uoneluswnoop 1oedw|

(panunuod) ¢ deig ul aseqereq aya ul papnjdu| salpmg 30edw| 3504 X3 jJo uonewdoyu] diydeadolqlg ¢ Xauuy

BOLYY [BIIUDD)

Aya1aeA paroaduw)

A1a1aeA paroaduw)

Aya1aeA paroadu)

Aya1aeA paroaduw)

Aya1aeA paroaduw)

WYN 0} wiaisAs
>203S3A]| B Ul
A1a1aeA paroaduw)

Aya1aeA paroaduw]

Aya1aea paroaduw)

Aya1aeA paroadu)

Yo easal

Suipaauq aziew

aziely LAWWID jo s1eduw
199/oug

juswdojeAs( sureJo

BUBYD) 33 Jo ApMmas

ased e:A3ojouydan

uononpo.d szjew

paroudu jo syoedwi

azie| pue uondopy
BlURZUR]

Ul S91I3LIBA 19][1W

EETIITN j4ead pue wnyg.ios
Jwnyg.aog paroadw jo uondopy
BLYY

[eJ3USD) PUB ISIAA
ui uononpoud azrew

uo juswaAocsdwi

wse|dwaag

aziely V.LII Jo 3vedw

0078861

:pl4om Buidojeasp ayy

ul yoJeasau Suipaauq

1B3YM [BUONBUISIUI

JBIYAA Jo s1edw)

By

ISIAA JO SBUUEBAES

Aap a1 ui eadmod jo

9SED Y3 ‘e3P [9AJ|

-93¢|[IA padUaIa)R.1098

3uisn sajdojouyda3
JuswageurW-|I0S

-3]20153A1|-do.d mau

eadmoD Jo uondope 3unenjeay

BPUE3N WO. 9DUIPIAD

‘BOLIY UBJBYES-gNS

u1 uondnpaJ AuA0d

Sa1391J4BA UBSQ Ysnq JO

sueag 1oedwi oy Buissassy
SUeaq UO Yd.easad

juawaAoadwi dnsuad

suesag s 1VID o 3vedwi ay |

eAESSED UO sweddoud
juawaAoadwi dnsuad

BABSSED) DYV jo 1rdw| ay |

"y onedisn
pue “| BLINY3]
“TIW S0l

V'V Iojueq -y
ddu 7|4 S0y

‘ag ysequyoy pue
“v'[ ®za4a8N “V'I
eluod| “s'3 oAuol

N AL TN
pue“Q’S elely

O™ 3pubiely “O'f
3uly] “INA Suouely

“TW sHIol
pue“[H uignQ
“V'IN ueonueT]

'g'g y3uis

puE “|JA SuoAuel
Y BIsn V'S
I[eme.e] | PO
‘4 UosuefsiIYy

‘S 1zosey| pue “g

PIAEQ “V"Y AL

'§"D UUBWIIIOAA
pue “q 0d1ydey
“1'N uosuyo[
'$"D UUBWIIOAA
pue “q 0dl1ydey
“1'N uosuyo[

CGIAR and NARS partner research in sub-Saharan Africa

66



IME[B| Ul [YddI

Aq 8uip|inq Adedes
SIUDPN3S :103BI0qE|[0D suonepusw pue youessad Ad1jod jo
uondopy Yodeasad Ad1jod jo 1oedwi]  {SIOUOP YIIM SMIIAIRIU] 6661 IME[E[ 1dd4l -wodau Adijod Ad1jo4 10edwi a3 BuISSasSY 466 [ ueky S

xvzum juswissasse

3oedwi 3504 xa ue
:swa1sAs Suiwiey
y3nojd usyew ueidoiyyg ur ysnoyd T BsnaY|
s3oedwiy -paqpeo.q— -19yeWpaqpeo.q pue “N 'Y 043P0
91e80.88y snjduns 21wouoo3 ASAJns wuey pue g0 86—986 | eidoiyg Rl AJsuiyoew wiieq VN |yl josjoaayl [00T “S'Y pdopayIny by
spuejy3iH
o3uo) uedLyy [BJ3US)) pue
jo o11qnday 1583 ) Ul S9NdLIBA ‘g soluag pue
sisA[eue 3s02-3)oUaq pue Jpesowsg juelsisad 3y3i|q e “|\ ®jedwnuwedig
spoedwi  (s3yauaq pue uondope) PUE ‘epuemy ‘uippi£-ysiy jo “IAl 030G | JID|[BAA
9130483y €JBp ASAJNS JO SIsA[euy AaAuans 10edw) £6-8/61 ‘ipuning dn Aa1ueA paroaduw| 038304 10edwi dDlwouod]  946| “Ld II9MI “7[ epany I
BlqiweN
ul | BUBYS®YQ JO
9sBd a3 :3uIpaauq 'S'3 0Auol| pue “y'S
syoedwi BIEP Bl VSETN| TN doud ul syusunsaAul 23uid] “YAA 12Uy
91e80.38y snjduans Jlwouodg  ‘soes pass ‘ASAUNS Wiieq 86—986 eiqeN  1VSIDI paaoadw) 391w |4eay wouy 1oedw| g6 “a'd Yyoreq4yoy W
syoedwi pue ‘@ondead ‘g ewe(
s3oedwi MoO||&} Jawiey Au03sy reAus)y pue “Q ulpiooN
|oA9]-WLIB] Apnis uondopy  salpnis ased pue AdAJng 109661 eAUSy VDI parouaduw) VN ul smojjey paroadw| €007 S [9Zuedd ‘Y ddB|d 1+

eAUDY| UJIDISIM UI
Jood a3 uo sednosead
Juswysiua|dau

saonoe.d A|nJsy |los paseq ‘W BSowQ
s3oedw Apnis  s3Ipn3s 9seD ‘SUOISSNISIP Juawysiua|dau -Aasauojo0.3e pUE ‘4 >PuIgeH
|oA9]-WLIB 10edw pue uondopy dnoJ8 sndoj ‘AsAJng 002661 eAUSY  JVYDI Alnasy 1o VN joedwiay] €£00T “IAl 01epY/ ‘Y 93e|d o¥
saAndads.ad siawiey
uojuido BAUDY| UIDISIM Ul
syoedwi 149dXa ‘MBIASI BUNJeID)I| AdLaea sanalIeA 0jeyod 199Mms ‘[4 oloPN
|9A9)- Wiy sisA|eue e3ep AdAINg {AdAJns pjoyasnoH 10661 eAuay| dn paaoadw| oje10d 199Mg paroadwi jo 1dedw|  700T pU® || OPUSpO 6€

‘Maddioy] pue (s
[ee3s “H'3 eyseq|3

poyisw “IWN'Q IYy2BWEM
JusWIBa) Apms 30edwi pue 4y e3uinpy
aseas|p [ewlue uondope ue :eAusy| “7 paweyol
s3oedw SISA[BUB D1139WOU0Dd pue ‘doud usppoy [easeod ui A3ojouydal “3|d uouioy |
[9AS|-WJB{  pUE SISA[eue BIBp ASAING AaAJns pjoyssnoH 86—166| eAuS)| Yull ‘[lewiue paroadu VN AJarep JaployjlewsS 466 | “4"D uos|oyYdIN 8¢
{PUlYaq

8ui33e| uonew.ojsuRI
[eamynd1ie si Aym

‘BOLIY ISIAA JO
J193IN soidouy plie-lwas
pue oseq PSETNIIN 191N ay ul saidojouyda "D'S’IWl Uejaueg
uondopy  Jaded mairsujuondopy AdAIng 10—-000T BUDMNG ‘Il 1VSIYDI parouaduw) Jwnys.og paroudwi jo ayeadn 00T pue [ e3unalpN /€

(penunuod) ¢ deag ul aseqeie aya ul papndu| saipnig 1oedw| 1504 X3 jo uonewuou| olydesSolqlg ¢ Xxauuy

67

Evidence of Impact to date



suoneN pPalun Y3 Jo uoneziuesiQ 24MNLISY PUB POo4 = OV 4
1A 98ed 9s1] WAUOJIDE 935 swAuoJde Jo uoneue|dxs ue Jod ,

syoedwi

91e32.83y

s3oedwii
1e30.83y

uondopy

s3oedwil
9e30.83y

s1oedwil
|oAS|-Wiiey

s3oedwii
|oAS|-Wwey

syoedw
|oA9-wIey

SOIJBUIDS JUNOY J3pUN
sisA|eue 3s0d31ouUsg

snjduns djwouod3

dID Jo JuswIsaAUl

Uo u.Jn3aJ Jo el Jo
sajewnsa adojaAus
ay3 jJo >eq pue Apnis
uondope s[eas [eqo|D

snjduns djwouod]

s1oedwi
[9AS|-WLIB) JO UOIIEBN[BA
pue Apms uondopy

s1oedwi [9A9)

wuey pue Apnis uondopy

Juswissasse uUNn_E_ |e1d0s

©)Ep AJBPUODAS

‘sso| doud Joj AsAdns ‘erep

[eauswiriadxa tsyoedwi
Pa3UsWNOOp 35ty

ejep AJepuodas
‘s[erny pjaif ‘AsAJng

eyep
AJepuodas A9AJns Ised

e1ep

AJepuodas AsAuns Jawiiey

AaAJns pjoyasnoH

Aaaang

©)Ep AJBpUODDS
{AoAJns pjoyssnoH

(panunuod) ¢ deag ul aseqere ay3 ul papnjpu| salpmg 3oedw| 1504 X3 Jo uonewdoyu| diydesdolqig ¢ Xauuy

€l—vL6l

81-T861

Ic-tL6l

010961

700¢
—s066| Alue3

€6-C661

866 |

Y
ueJBYES-gNS
u Sa143UNOd

USASS-AusM|

peyD pue
COOLUENU

[eqo1D
$31.13UNOD

UBDLIJY ISOAA
Jay3o pue
SU097 BJJIDIS

eidoiyy

BpUEMY

BlIB3IN

VLIl

1VSI¥DI

diD

VA4YVM

di>

1vID

VLI

(e3w
u32.8) |oIuod
[e2130]01q — |dI

Aya1aea paroaduw)

Aia1aeA paroaduw)

Aya1aeA paroaduw)

sandui

Jsy3o yam
Aia1aeA paroaduw)

Aya1aea paroadu)

Aya1aeA paroaduw)

BABSSED)

wnysJog

o1e104

o1y

o1e104

sueag

ueaghog

'Ly
ul 3ngAjeaw eAeSSED
Jo |0.3u0d [ed130]01q

Jo solwouod]

peyD pue uooJawe’)
ul GeS AsLaeA
wnysSJos Jo ased ay3
:sJaA0||ids yoaeasal
wsejdwag jo 1oedw)

23ueypd |e1aLIBA

ui sjod sd|D pue
salnunod 3uidojaasp
u1 3uswaAaoaduwi
o1duad 0jeI0d

ey

ISIAA Ul yoJeasad
9214 2A0J3uBW 03
uJn3aJ Jo sajed Y|

eidoiyag jo syued
[e4aua> ul sai3ojouydal
uononpoud oezod

JO Juswissasse

10edwi pue uondopy

BPUBMY Ul SUBSq
uiquip paroaduwi
Jo 10edwi ay3
:SI9ULIR) JBP|OY|[ewS
Buowre uononpoud
Sulyisuaiu]

BUUBAES

BOUIND) UJ3YINOS
selLIdZIN Ul ueagAos
Jo 12edw [eDOg

100¢

6661

€00C

9661

€00¢C

9661

666 |

“Y'H usJusH pue

‘d JopuemydsuanaN
‘d"d qeeyds

“[ seippaz

"D YewolN
‘D leyaQg pue “y's
yelqaQ W'V Idex

‘J spueln)
“Dd 4nen “H( 1
CINERNRR LV

d24L

g e3equia pue
“3 349RD ‘MWD
s134010) “\/ 9Ae)sa|

'S ezaueAun|y

7 8uijuadg

‘I RIYseq pue ‘O
21O “WA Suokueyy

“V'V BUIsSpY
“d euidueg

(4

0s

(514

4

Ly

9

CGIAR and NARS partner research in sub-Saharan Africa

68



1971|1143} Ajjedadss ‘syndul [euaLIXd Jo dsh pasea.dul Aq paluedwodde

U99(q SeY SZIBW JO SS1ISLIBA UJSPOW JO ash oy | Aydied paulews. sey s[eLialew
azrew paAoidwi jo uondope ‘ss3[aYIBUON 'SUOISa. JAYI0 Ul PIASIYDE SJel

9y3 01 Je|lWIS 3.Je SPLIGAY pue sanslieA aziew paro.dwi jo uondope aya pue
SzieW JO $9.329Y UOI|[Iw Jad S3sBS[S. [BISLIRA JO Jaquinu 3y ] 1dedwi ss3| pey
seY YoJeasad [edmyndLide ‘sa13a3ea3s Suipasiq pue Jjels Jo AJINURUOod 2.Unsus 03
3|qe uaaq 30U dAeY sweaSo.d Yoeasal a4syM saLuUNod u| ‘wsedw.sd sziew
paAoaduil 03 umos A|pa1aodau si SQee | -PIW Ul BSJE SZIBW 33 JO %0S5—EE S086 |
33 Ul SplIgAY pue sanalieA aziew paroaduwi jo uondope pides ay) jo Jnsad e sy

swe.u3oud Jeuoneu jo Adeded ays dn Suipjing Aq pue SJUBUIIUOD SSO.IDE
suonmnsul jo diysaaulaed apim e y3noays saidojouydal A|pually A|[EIUSWIUOIIAUD
dn-3uijess 031 sayseoudde aaneAouul Suisn paAsIydE aJam saljURq 3y ] "sisad

01 9NP SISSO| [EIUSWUOIIAUD PUE DILIOUODS J9MO| 01 uondo s|qeurelsns pue
9AI123J3-1S0D ® S| |0J3U0D [B2130[0Iq [eDISSED Jeyl MOYs A3y ] ‘|oJ3uod [ed1Sojolq
JO S3J2Uaq YS1Y [89ARJ PRIDONPUOD S3IpNIS 10edW DIWIOUOID M3} BY3 JO SINSDY

S9AIUADUI [BUOIININSUI pUE Ad1jod SAIDNpUOD

pue aeludoadde Aq paaedljidey 9q 01 spasu 3nq wnndeA Adijod e ul 9de|d el J0u
Aew smojjej paroaduwi jo uondope Yayiang ‘ysed uondope ay3 ur wWNNURUOD
3uoje ssadoud e 3nq wajqo.ad ad10yd AJeulq B J0U SI SMO|[e} paAoadwi jo uondopy

BDIUJ\ UBJBYES-QNS plie-lwas ul A11aAod

9doNpaJ 2J40J2J43Y1 PUE 10943 P|aIA d|qeuIRISNS JUBDYIUSIS B DABY O3 A|yj|un SI
A3a3e13S BUO[B-IBANIND BY | "9SBAIDUI P|3IA [BIIUBISQNS 0} AJBSSDDaU 9q Appua.iedde
JIm saualanu [edidulid jo sjPAs)| JaySiy pue A1jIqe|IeAR J91BM PaseaJdUl Y1oq
‘SUOISaJ plIB-IWSS Ul |[Bjuled JB|NSa.l PUB A11|11J9) |IOS MO| SYI USAIL) "S9sBaIdUl
PISIA 934€| 3433 S49M SJBAIND M3U UIIM PAUIGUIOD SJ9M UONESIILII 4O UORUDIDI
J93em parouadwi pue sJaz1[1343) diuedioul a4aym AuQ 'sdoud JaYao Yam Iseiuod
ul sp|al£ uo 1oedwi 918384386 WNWIUIW US3Q SBY BJ3U3 ‘BdLIY UBJBYES-qNS pLIE
-IWSS Ul SJBAIR|ND 331 pUB WNYSIOS MU JO UORINPO.IUI [BlIUBISGNS JO 3ids u)

LAWWID

VLIl

dVdOI

1VSIdDI

A3ojouydan
Juswageuew
dous pue Asriea
parouaduw) azrel

ysy pue

[oJ3u0Dd [ediSojolg  ‘OSuBW ‘BABSSED)

Mo e} paroaduw) s9a4]

Adrrea paroadw| 391w /wnydaog

JUBWISSISSE
[e2111ID B BILYY UBJRYES
-gns ul YoJeasau

aziew jo syoedwi ‘Md
[enualod pueised 944 | ASSIOH pue'q d39|494g ¥
synsau
[ed1a1dwsa pue sauoIsa|Iw
JO SISaYIUAS B :2umy|ndLISe BUUBH
UedlJyy UBJBYBS-QNS o pue “Q AJeqino>
ul s3sad Jofew jo “IWASuohuely ‘g
|oJ3u0d [ediSojolq p3| J3pUBMYISUSNBN|
-VLII Jo edwiay]  S00T “Qveuely €

sanss| Suiduswa pue
saipms [edraidws reiquiez
ul Juswadeuew A1) 4 e3iIsomy|
J1os 4o} A3ojouyd31 Moje} puE “3 BJNYseEIUNY| “S
paroidwi jo uondopy €007 [PzURI“D'O Kely T

epuade
yo.easaJ pue sydedwl
‘Bdly\y UBJBYRS-QNS Ul
uondNpO.IIUL JBARIND TAAIIRN PuB“H [
39||Iw pue wWnYSuos MAN| Q00T SIIPUES “L' W PRWYY |

‘P|3l} Joyane ay3 Aq Jap.Jo |ednaqeyd|e ul paisi| aJe saIpnig

¢ dojg ul aseqejeq ay3 ul papnjauj saipn3yg uoiydopy pue MaIAY

g Xxauuy

69

Evidence of Impact to date



JuaJedsue.y AJ49A JOU S| SIBWIISD
9say SulAlIap 4o} ASojopoyasy WSS Sulpnjaul ‘suoi3ad Aq |9 Ul SIUSWISIAUL

D9 PUE Yy s340dad Xauue ay] 's1aoyd SYYN PUE Yy|DD O3 uonnqgriie Aq JuswaAoadwt
9say3 suonnJed pue ‘Yd.4easad |57 01 NP SUOINGLIIUOD PIBIA SIBWIISS ‘SuoISad sdoud wsejdwaag doud jo
pue sdoud Aq sanalieA paaoadwi jo uondope jo Asewwns e sapiaoad usideyd siy | WVvIDD A1a11eA paroadw|  pajepuew Yy|DD s1oedwi uondnpodd  £00Z '3y UOSUSAT 8

UOISU3IXd pue ydJeasad Ino 3uikiied pue Sujuueld oy dew

peou |njasn & apiaoad ued YejnonJed ul [ppow uonda|ds Suluaes| 3yl pue ‘eisuad
ul 9AdadsJaad 3S1A1DNIISUOD B JBY) SIsa83Ns S4nJeUdl| SY3 pUB SaUIPPINS 3sayl
USIMISQ Yd3EeW SSO[D 3y "SAUI|SPINS UOISUSIXD PUB YdJBISII SALISP O3 [9pow
uondajes Suluies| ayy pasn osje Jaded ay] "uonerdepe pue uolEdIPOW JSWLIE) O3
9]qeusWE aJow SeMm 1 () pPUE {suyoUSq W.SI-1I0ys aAeS Il (g) ‘ASojouydal sy Joy
P9U [B3. € SEM 3J3U3 SJ3UM SBIJE OJUl PIJNPOIIUL UYL SBM 31 (7) ‘uoissauddns
paam 03 JuswaAo.dwl |10S 10} bundnpy Sulpuswwoda. wody Suiueyd USYM

2unode ojul suondadiad SJauWLIe) J00) UOISUSIXD PUE YdJeasad AlJes (|) :suosead UoISUSIXd
anoj 40} Sulwiey A3|[B UBY) [NJSSIDONS SIOW SEM DUNDNA/ JBYI MOYS SISA|eue pue quawdojaasp ‘[ nuely>
3y 'sdoud 4aA0d pundnjy/ Jo asn ay3 pue 3uiwiey A3)je - saidojouyda3 Suiaroadwi ‘Uy2JeasaJ JOj SUOSSI| pue “H'q’[ @28uneay|
-[los omy jo uondafeu pue uondope stawe) urejdxs o1 ‘ssedoud uondope punmnjy/ :pundnjy pue 3uiwlie) “IWNA SuoAuely
AjJea 3y3 Jo [9pow uo3d33s SujuJes|, Y3 Jo AN dYy3 sa3en|ead Jaded siy | 1NI/VLI WYN pue Suiwey A3)y As|e yo uondope ay]  700T “g a3remyanoq /

(sa130jouyda) Sunsixs ueyy Ja13aq sAkemie si A3ojouydal paroadu,
ue Jey) uondwnsse aya A|jer>adsa) saipnis yons d1j4apun uslyo eyl suondwinsse
Suluiwexa A||njaJed pue ‘asn pealdsapim Jiaya S1e1l|Ioe) JBY) SABM Ul BIep SulIols

pue SUUSWNJOP ‘S3IPNIS SSO.DE SWLIS) JO SUOIIIULSP PUE SIBWLIO) pPJEpUElS O)
9duaJaype ‘uone3a.38e Jo S|9A3| JaYSIY 01 pazijedauasd g O3 SAIPNIS [9A3[-0JdIW
wo.j e1ep Mo|[e Jeyd sayoeo.dde Suiidwes jo asn aya Spn|dul SUONEPUSWILIOIDY

39w (39 p|NOd pue) sem [e0S SIY3 YdIYm O3 JUIXd a3 satojdxa Jaded siy| B\ UJD1SED Ul

"BJ1JJY/ UJa3sea Ul uondope A3ojouydsl Uo 3|ge|ieAR UOIBWLIOJUI B3 SSBIIdUI O) sAaAans oW s | AWIWID

Sem s[eod 33 JO SUQ 'SISZI|1DIS) [BIIWISYD JO PUB SZIBW PUB IBSYM JO SSNISLIBA Wo.) pau.Jes| suossa|

paroudui jo uondope Yyl Uo SIIPMIS [9A3]-0.IDIW 77 I2NPUOD O BILIY UISISED :uondope A3ojouydan
Ul $9113UNOD UNOJ Ul SYVYN Y2IM paiedoqe||od | AWINID ‘866 1-9661 Suling 1TAWWID As1ueA paroadw)  1eBYM ‘DZIR| [9AS|-wiiey BulpuBISISPUN  £00T d'D ssoqg 9

pauaya8ua.is aq p|NoyYs SWialsAs 2IpaJd [ednd

ey pue ‘syndino pue sandui 4oy sIdjJeW JUBIDIYS Jo uoisuedxa pue JuswdojpAsp
a1 2uoddns pnoys sapijod 1eya ‘SOON pue 101235 31eAlId ay1 Spn|pul pue
pauay18ua.3s 9q P|NOYS UOISUSIXD PUE UDIBDSSJ USDMID] dul| B3 JBL[] ‘SIdULIE)
JO S2JUBISWNDIID PUE $3DUIBYRI 33 01 JUBAS|SI 2JOW dPBW 3q P|NOYS UdJeasd.
Suipaauq Jeaym pue aziew ey s3sa33ns Jaded oy A||eul] ‘sesue JopIm ssoude
pazi[edauad aq 01 s3nsaJ Moj[e Jey3 sanbiuyssl Suijdwes Suisn pue saipnis ssoude
suoniuyap 3uizipaepuels Aq paroadwi aq ued saipmis uondope aJdning ‘uondope
A3ojouyda1 yam paae[a.a0d AJysiy 1sow S|qeLIBA 32 SEM UOISUIX] ‘uoindope jo

s|9As] Y31y yam suoidau [enusiod Jsysiy ul aunandliSe Japjoy|ews jo Aanonpo.d saIpnas
a3 aroadwi 03 surewa. 2dods 9]qeJapISUOD ING BILIY UI9ISED SSo.Jde dde|d ased 7 jo sduipuy ays jo
3upyea s1 uondope A3ojouysa1 JeY3 pUNO) SIOYINE Y] 666 |—966 | Sulinp epuesn SISSUIUAS © :BDLI)y UJISed ‘H 910049
pue ‘eluezue] ‘eAudy| ‘eidoiyag ul SYVN PIM LAWIWID 4q 3no patiies uopdope ul sa130j0uY3) 3ESYM 3p pue “H [INXIaA AN
ASojouyda3 uo saIpNIs [9A3]-0JdIW T JO s3ulpuly 3yl sazisayauds Jaded siy| TAWWID A1aLreA paroadw|  JBSYM pue dziel| pue aziew jo uondopy £007  18uemly Y "D ssog S

(panunuod) ¢ deig ul aseqere ay3 ul papn|pu| salpmS uolndopy pue MaIASY g Xduuy

CGIAR and NARS partner research in sub-Saharan Africa

70



2USWdO|SASP pUE UDJB3S9J JO) SEa.’ SUjUlBWS. [B1IID 9B SIaWL.Ie) 100d-924n0sa.
01 PajeuIWISSIP A|9AIID9YD 9q UBD SWAISAS 953yl Jayaaym ‘os i ‘pue A1uarod
9)BIA3||E 01 S3sS320.d 01 9INQLIIUOD IO dZA[eIed paspul ued swalsAs Ausalojoide
J9IBYAA "s2130j0uyda) [edn3jndluSe Ylm ssa|puel-ieau Jo Jood AusA aya Suiydeau
Ul S9MNDIYIP UIBWJ 2433 Ing "BdLYY [e4nd ul sdnouS padeueApesip 1o} |njasn aq
Aew suondo Ansauojoude ayy 3eyy sudis aanisod aue auay) ‘sny] suondo Ajnusy

]10S 9420 JO JeYd P9Xd SWaIsAs Aaisalojo.de asayy 3uisn spjoyasnoy Jood jo rIquieZ
98euaduad oy A|jeuonIppy 'swalsAs 99yl s SJISULIE) d[BWD) PUE d[BW L10g pue eAuay| ui sassado.ud ‘g ewef pue “y
's1aw.ey 01 9|qeljoid 9q 01 SWaISAS SY1 pPUNO) OS|B dABY SISA[BU’ dIWOUOD] saonoead uondope uo a5uapIAd 3uelN ‘4 eSisamy| “yY
'pasn 8uiaq Ajjeniul aJe 43Ul YdIYM YIIM S[9AS| ISSPOW U3 JB ISED)| I ‘SIaWLIe) uswysiua|dau auswysiuajdaa AinJsy as[pwwoy “[ JJoAA 9P
01 9|qeadadde pue 9|qIses) dJe SWIISAS JSUEI] SSBWOI] pUe MO|[e} paAcddwl]  A41s310J043Y PlUOAA Anasy j10g s994] [los Joj A13s40j048Y  700T “g [9Zue.4 ‘Y ‘9de|d Il

s3oedw pue uonndope uo Yd.aeasad Jaylany 4oy
paau a3 pue ‘ydJessau Juswarosdwi 931 ul ssaudoud pajess|edde Joy s3dadsoud
3Y2 ‘SUOIIDAUIP UDJBIS JUSLIND JO JUDWISSISSE UB YIIM SOPN|PU0d Jaadeyd ay |
103295 314 Y3 UO SIUIEJIISUOD pUB SJUBUIW.ISISP ‘sulalied uondope uofew sys
AJauspl 01 INO paLIIed S| SISA[BU. UB PUB ‘SW1SAs0dd SuImoJS 9214 3UnsIp ul
uondope [e1914eA UO 3|qE[IBAE S| 9DUSPIAS Pa1iwli| JBY) PIPUSIUOD SI 3| ‘paplao.d
OS|E SI BOLIJY/ ISIAA Ul saipnis 310edwi pue uondope A3ojouysa) a1 Jo snels
3Y) JO UOIIBUIWEXD Uy 'PAM3IAR. OS|e sI Uoi3aJ-gqns ays ul sweldoud Suipaauq
paijdde jo uoin|oAs sy "BdLIY Ul P21$91 puUB padnpo.aul usaq sey wse|dw.sgd
9214 2130X3 UIIYM YSnoJy3 SWISIUBYISW Y3 JO MIIAJISAO [e1403sIY B sapiaoid BOLIY ISOAA "y 199 pue |
J21deypd siy3 U0129s 914 UBDLIY ISIAA Y3 JO uondiidsap Jaliq e Suimol|od VAYVAM Aia1aeA paroaduw) ERINY| ul yoaeasad 14 jo 10edw] 944  ydjopuey ‘4 uopel ol
sapijod srerudoadde
pue ‘sa13a3e4s [euonowo.d ‘wasAs paroadwi ay) jo Juswadeuew ‘sdo.ad JaA0d
J0 sayauaq ajdijnw ay3 jo uoneziwndo ‘SMmoje} Ul 3sn 4oy sdodd JSA0D Jo aseq
ansuas sy Jo uoisuedxs ‘uonedynuspl wajqo.d ul yoeoudde Lioreddn.ed e jo
3sn ay3 apn|aul sMojjey paAoadul jo uondope ayl 3sea.dUl 03 SUOIIEPUSWIOIDY
‘doud ay3 Jo Juswys||qeIss AJ031DBSIIBSUN PUE ‘SISIIUBIDS SUOWE UONHEBIIUNWWIOD
Jood ‘Ye1s uolsuaixa jo sani(idey pue Alljiqeded paniwi| ‘9inusl pue| aJndasul
‘s19doa)] D031S3AI| JO UOIIBAIIOW JO >2E| ‘Uialded [jejure. apnjoul ojf3s jo uondope

J9MO|s 33 O} 50108} A10INGLIIUOD Y3 JO SWOG “UIUSG UJISISIM-LINOS Ul W
pundnjy/ jo uoidope Jo e 49ISE} BY3I O3 ISBIIUOD Ul BILIY ISIAA Ul 3S9pOL sa1pms ased ojA1s BqI[ED) pUB ‘g Nsuog
pue Moj|s Aj9A1Ie[aJ US3q Sey OJA1s Jo eadn aY ] "edluyy ISSAA Ul PIBUILISSSIP pUE DUNdNJA/ WOJ) SUOSSI) -1350 “Ad YOSSIA
pue padojoAap aJ4am swRlsAs Juswageurw (sisuaupIng sayIuDSojA1S pue pIDWDY ojA3s pue TBDLIJY/ ISIAA Ul SMO| B} “[ AjsaeD “IWA
SayuDsojA1s) ojAas pue (sualnid pundnjy/) ueaq I9A|9A MOY SMIIASJ Jaded siy ) VLI WYN pundnjp// Mojje4 paaoadwi jo uondopy  g66| SuoAuel o) I[emede] 6

(penunuod) ¢ deag ul aseqele( aya ul papn|du| salpniS uondopy pue MaIASY g Xauuy

71

Evidence of Impact to date






SHIYTEY

UOISUSIX? JO JUSWISSASSY ON 9¢| 98 uoISURIX] sdoud ||y Oseq BUDNG  JUSWIUISAOD) AUSIPUIG  BEGGI €l
$140Yd papuny=louop d 3 .
PUE SYYN Jo uswssassy T < 2 GRS SEeND) [eBouag  IusWILIAA0D) TZEMPS  g66l q
SNITE)
2382488 Jo uc%EmmMMa °N ol ol og  sdoss PO JO3IN  3USWUIRA0D ‘Ao1edNnzZEel €661 I
R Ll o i 5959 ozie BIqWEZ  JUSWIUIDAO ‘[ paemo
37e32.83¢ JO JuBWISSISSY N eotl €0l 4 o B IqEieZ B piemMoH €661 ol
s11042 SYVN . . .
Ty ety oN 7901 6'96 yoaeasay azie| BIqWEZ  JUSWIUIDAOD) [ premon €661 0l
*1049 SUVN o ’ c 10 ozie BIqWEZ  JUSWIUISAO ‘[ premo
21e80.188 JO JUBLISSOSSY N 90l ool 1od B Rz 2 plemoH €66l ol
SNITE)
21e80.88¢ Jo E%Emmmwwwd °N 1201 ool yaog ozien Heiz7 ARNLEES [piemoy €661 0l
S9A L'EE SIEl Ypog wnygios uepng LYo ‘W pawyy €661 6
310443 SHVN g )
21e80.88¢ Jo JUBWSSASSY °N bS ¥S yog aumymoBe |y SMQEqUIZ  JUSWUIBAOD Dopayl  ezesl 8
syI040 .
UOISUSIX? JO JUBUISSISSY °N e e uolsusixy SZIEl aMqequilZ LYo [ uePI 661 L
SN
o1e85.5%e o uc%EmmMMQ ON 09 85 yoaeasay azIe| BAUDY  JUSWUIBAOD) ‘A O3BINZZE|\ 1661 9
SNITE)
e o 7 %EMMMQ oN 6°0b 6°0F YoJessay azie| BAUDY  JUSWIUIDAOD) ‘q elueaey| 0661 S
s3I0y
a1e80.88¢ Jo u:%EmvaMa °N 1'89 1'89 YoJeasay azlel BAUSY|  JUSWIUISACD) 'q elueaey 0661 S
$140Yo papuNy=Iouocp .
PUE SYVN JO JUBWISSISSY N €9 €9 yaog eadmon [e8susg  JuUSWUJISAOD) 7 Z30eMYdS 6861 b
papnpdul sem e ® RO BARSSE el IUSUWILLIBAOD d pleedJo
19 saIppaz Aq Apmis Jame| N g 06¥ 1 4 d D Ly /[eUOHERUINU| Y P N 8861 €
douo
PoIEPUBLI-YY|DD © 30N = = Ve tpog 020D BLRBIN  IUBWIUIRA0D 'vunSopiqy 8761 4
dos> ON oF 6C YoJeasay suedJedng  BOLJY YINOS  IUSWIUISAOD) “f UosuaAg S/61 |

PRIRPUBLI-YY|DD € 0N

310doy
JUasaUd Y3 ul papnjauj saIpn3s 3yl Yym uosiaedwio) pue sdnysiialdedeyd :Apnis (0007) ‘Ie 32 Uols|y Y3 ul papn|auj s3IpN3I§ U.injay jo ey

D Xauuy

73

Evidence of Impact to date



s1i043 SYVYN
91e30.33e JO JUBWISSISSY

peaisui papnautl st (666 )
‘e 32 1dey Aq Apn3s 4a3e|
peaisul papnaut st (6661)
‘e 30 1de) Aq Apnis Janie| ¥
S1I0yd papunj-iouop

PUE SYVN JO JUBWISSISSY

S3104° SYVN
91e30.33e JO JUBWISSISSY

3103 papunj-louop

PUE SY\/N JO 3UBWSSISSY
310142 SYVN

91e32.33e JO JUBISSASSY

S04 SYVN
91e32.338 JO JUBISSISSY

s1i04° SYVYN
91e30.33e JO JUBWISSISSY

s11043 SYVN
21e30438e Jo JusWISSasSYy

310142 SYVN
91e32.33e JO JUBWISSASSY

S04 SYVN

91e32.33e JO JUBISSISSY
pesasul

PapN|oul S JOy3INe SWes 3yl
Aq (S661) Apnas Jenre| v

s11043 SYVN
91e85.88¢ JO JUSWSSISSY

S3101§2 SYVN
91e32.33e JO JUBISSASSY

S110}4° SYVN

91e32.33e JO JUBISSISSY
SN[JIE]

UOISUSIXd JO JUDWISSISSY

310442 SYVN
21e30438e Jo JusWISSasSYy

ON

ON

°N

ON

ON

°N

°N

ON

ON

°N

°N

ON

ON

°N

°N

ON

ON

°N

(WA

L'L

60

S'Sl

€9

YL

9%

9911

£'6r

8'501

0>

0>

S¢

SEl

SEl

Syl

0S€

&

YL

ey

6¢ll

1414

'ty

0>

0>

q¢

8¢

8¢l

Syl

(4

134

0l

ol

poq

yoeasay

ypoq

{pogq

Yo.easay

poq

ypoq

Yo.easay

pogq

(pog

ypoq

{pogq

Yo.easay

tpog

YoJeasay

og

uoIsSua1Xy

tpog

InupunoJ9)
wnysJog
wnysJog
eadmoD)

azie}
aziey
azie|
azie|
aziel
aziey
azie|

aziely

1BAYAA

aziely
aunyndoLde ||y
2umndL3e ||y
sdoud ||y

aumynoLise ||y

epuedn
uooJswed
uooJswed)
uooJswed)
Imefely
BUBYD)
SaAqeg il
eiquiez
elquez
elquez
elquez

eiquiez

BLyY

BN

BOLYY Yanog
BOLYY (pnog
eAUDY|

amqequirz

JusWUJBA0D)

JuswiuJsA0D)

JUSWULISAOD)

JUSWUJSA0D)

JusWUJBA0D)

JUSWUISAOD)

JUBWULISAOD)

JUSWUJSA0D)

JusWUJBA0D)

JUSWIUISAOD)

JUSWULISAOD)

JUSWUJSA0D)

JUBWUIBAOD)
/leuoneuIIU|

JUSWIULISAOD)

JUBWULISAOD)

JUSWUJSA0D)

JuswuJsA0D)

JUSWIUISAOD)

Y dolo-1e]
[ suamag

[ suamg

[ suamag

‘I 3eWS

°[ suspueg
‘g ewnydny)
‘[ premoH
‘[ premoH
‘[ paemonH
‘[ paemonH

‘[ p4emonH

‘Q 99]494g
‘g uoaysnog
D /Pyl
D 9Pyl
Ausipulg

"D epayL

Br661

¥661

¥661

¥661

¥661

¥661

¥661

¥661

¥661

¥661

¥661

¥661

¥661

¥661

qe661

qe661

qee661

BE66 |

(penunuod)
140day Jussaud sy ul papn|au| saIpNIS Y3 YIIM uosiiedwo) pue sonislisldeaeyD) :ApNIS (00QT) '8 39 UOIS|\Y Yl Ul PSpN[du| SSIPNIS UJINISY JO 9By D Xduuy

144

€C

14

€C

[44

0¢

6l

6l

6l

6l

6l

8l

Ll

9l

9l

Sl

4l

CGIAR and NARS partner research in sub-Saharan Africa

74



M3IA3 10}
9|qIssadde Ajipead 10U Apnig
108(oud
Yo.Jeasal pa|-yv|DD & I0N
103(oud
Yo.easaJ P3|-YV|OD € I0N

S3104° SHVN
91e32.33% JO JUBWISSASSY

193[0ud [euoneusu|
UOISIA P[MOAA B JO JUSWISSISSY

128(oud

YoJeasal pa|-yy[DD € I0N
MBIARJ U0}

3|qIssadde Ajipeau J0u Apnig

pealsul papnpaul
s1 A1unod pue A3ojouyds
awres 3yl uo (66 1) e 39
yoequyoy Aq Apnis 4a1e|
$31043 SYVN

91e82.33e JO JUBWISSASSY

S3104° SHVN
91e32.33% JO JUBWISSASSY

$310° SHVN
91e30438e Jo JusWISSISSY

s1I043 SYVN
91e32438% JO JUsWISSaSSY

S3104° SYVN
91e82.33% JO JUBWISSASSY

329(oud
Yo.easaJ p3|-yy|DD € I0N

$3104° SHVN
91e30438e JO JusWISSISSY

108(oud
yoJeasad pa|-yVy[DD & I0N

ON

°N

°N

ON

ON

S9A

°N

°N

S9A
S9A

ON

ON

°N

ON

ON

ON

°N

ON

ON

81°9C

89

0Ll

4

¥'99

¥Ic

VA

184

€T
9'LT

€1°0¢

[43

I°S€E

8's¢

[43)

9'q€

6y

(444

9ty

ol

144

0/1

4l

4

6Ll

6'CE

1'8L

€C
8'1c

T4 4

Evl-

yees

999

(44

€yl

€¢I

Ll

Ll

og

yo.easay

YoJeasay

YoJeasay

og

yo.Jeasay

tpog

tpog

Yo.easay

og

pog

yoaeasay

YoJeasay

og

pog

tpog

YoJeasay

Yo.easay

pog

wnysJog
2umjnoLIge ||y
2umjndLISe |y
BIYM
wnysJog

ERIN|

uo10D

azie}

IBIYAA
wnysJog

BN

sdoud JaypQ
azie}

sdoud JaypQ
azie}|

azie}
awesag
nupuno.s

awresag

elquiez
BILYY Yanog
BOLYY (pnog
eAUDY|

J93IN

SU0d7 BJJBIS
[eSauag

ose eupjing

ey
amqequiiz

EIqIWEN
epuedn
epuedn
epuedn
epuedn
epuedn
epuedn
epuedn

epuedn

JUSWUJLA0D)
JusWwuJ3A0D)

JAusIBAIUN
JUBWIULLISAOD)

JAsIaAIUN
JUBWUISAOD)
JUSWUISAOL)
JUSWIUISAOL)
/leuoneuIalU|
JUSWULISAOD)
JUSWUISAOD)

JUSWUJSA0)
/leuoneudaiu|

JUSWUJLA0D)

JUSWIUISAOL)
JUBWULISAOD)
JUBWULISAOD)
JUSWUISAOL)
JUSWIULISAOL)
JUSWULISAOD)
JUSWULISAOD)
JUSWUISAOL)

JuswuJsA0D)

W IsIlyDd
speuy
apeuy

'S J03unddy
v sy
I

d 39S

'S o3oeupanQ

‘Q 99]494g

d weaeyasedelepueuy

d weaeasedelepueuy

"4 olo-eT
"4 jolo-ve]
"4 djolo-1eT
" dolo-1eT
"4 olo-eT
"4 jolo-ve]
"4 dolo-1eT

" dolo-1eT

9661

9661

9661

9661

9661

9661

S661

9661

9661
9661

9661

aré6|

661

are61

661

aré6|

Br661

Bh66 |

Br66 |

(penunuod)
140day UasaUd BY2 Ul papN|du| SAIPNIS Byl Yum uosiiedwor) pue sonsiasdeseyd) :ApnisS (0007) ‘B 39 UOIS|y Yl Ul papN|du| SIIPNIS UJNISY JO 91y D) Xauuy

143

€€

€€

[43

0€

6C

8¢

LT
9¢

9C

S¢

114

S¢

S¢

S¢

¥l

144

¥C

75

Evidence of Impact to date



sisAjeue ay ul

papnpul (S661) 1L Aq Apmas
dAISUaYa.adwod snoiAdIg
S3104° SYVN

91e32.33e JO JUBISSASSY
MBIIA3 10}

3|qIssad2e A|ipead 30u Apnig
s1ioye

UOISUIX® JO JUDBLUSSISSY
ISNIIE)

UOISUIXD JO JUDWISSISSY
MB3IA3J 10}

3|qIssadde Ajipead J0u Apnig

S3104® SYVN
21e30438% JO JusWISSasSYy

108(oud
yoJeasad pa|-¥VvIDD & IoN

ISNIJIE)

UOISUIXD JO JUBWSSISSY
peaisul papnjaut st (666 1)
‘e 30 1de) Aq Apnis Janie|
s1i04° SYVYN

21e30438e Jo JuswISSassy

310142 SYVN
91e80.88¢ JO JUSWSSISSY

S3101§2 SYVN
91e32.33e JO JUBWISSASSY

VA4

I'v€

001<

¥9°LE

1444

86'69

881

Sl

809

VA4

I'v€

00I<

19°0€

SChy

86'69

881

601

tpog

og

Yo.easay

uoIsSua1x3g

uoIsuIx3

pog

YoJeasay
og
og

tpog

tpog

uoIsuIx3

pog

Yo.easay

tpog

tpog

Yy

sdoud JaypQ
Yy

sdoud ||y

sdoud ||

WY
>]201S3Al|
pue sdoJ>

wnysJog

BN
uonon
018104
sdoud JaypQ
wnysJog
azie|

azie}

azie}

nessig eauino
ose4 euplINg
3U097 BJJIAIS
eAuay)

eAuay)

1A

LY Yan0s
Il

Il

PeUD

Ipuning
ERUELS:]

ose4 eupjng
uooJawed)
eAuay)
elquiez

eiquiez

JUSWULISAOD)

JUSWUJSA0D)

JUSWUJSA0D)

JuswuJsA0D)

JUSWULISAOD)

JUSWUJSA0D)

JUSWUJSA0D)
|euoneudalu|

|euoneuda3u|

JusWwuJsA0D)

JUSWIUISAOD)

JUBWUISAOD)

JUSWUJSA0D)

JuswuJsA0D)

JUBWIULISAOD)

JUSWUISAOD)

ISERIES

‘g o3oeupanQ
[ ump3
AYsipulg
AYsipuig

o uleg

A IRy
v 1deg
"y 1deg

‘N Yejlex

‘[ epany

‘g o3oeupanQ
"> eyewolN
'q elueaey)

‘[ paemonH

‘[ paemonH

L661

L661

L661

L661

L661

L661

©966 |
9661
9661

9661

9661

9661

9661

9661

9661

9661

(0007) ' 20 uoas|y ul xipuaddyy 01 sadUDIJRY 99s ‘saIpNIs Pals]| 9Y3 Jo uoneld 919|dwod Jo4 *(000T) ‘| 2° uols|y ‘xipuaddy :@24nog

(penunuod)
140day Juasa.d BY3 Ul papn|pu| saIpnIg Yl Yum uosiiedwo) pue sonsiusdeseyd) :ApmS (0007) ‘& 39 UOIS|y Yl Ul PapN|du| SIIPNIS UINISY JO 91y D) Xauuy

CGIAR and NARS partner research in sub-Saharan Africa

76



ajqisned
ajqisned

pS3e.qasuowsp
A|lenueasqng

[enuslod

a|qsneq

3|qisnelg

[enusiod

pa3jesisuowap
Alenueasqng

pa3e.qasuowsp
A|lenueasqng
3|qisne|d
[enuslod

pajesasuowsp
A|[enueasqng

]

e

8l

gl

€c

0¢C
0¢C

0¢C
SC

Sl

0l

80

0¢C

0¢C

0c
0c

€T

00
0l

0€
€l

00

00

q€

S0

00

00
00

S0

€0
gl

0¢C
gl

Sl

0¢

00

8¢

€T

€0
00

S0

8l
0l

80
0l

80

00

€0

€C

8l

S0
S0

0€

8l
0¢

S¢
0l

80

0c

S0

8¢

0¢

0¢
S0

¢

0¢C
Sl

€C
Sl

Sl

€l

S0

S¢

0¢C

8l
0l

0¢

€c
0l

gl
€T

€l

€l

ST
|

0¢

9l
Sl

0l
gl

gl

Sl

€0

|

S¢

€T
gl

0¢

S°¢
0¢C

Sl
8l

€T

0¢

Sl

0€

€T

0€
80

0€

€l
0l

8l
00

VN

S0

VN

0l

VN

0€
8l

9l

S¢
ol

0¢C
Sl

8l

S0

00

0¢

Sl

€T
€l

8l

8'¢C
9l

SC
S0

VN

9l

VN

S¢

0l

§%
€l

0¢

S¢
9l

0¢
S0

0l

0€

00

o€

0¢

8T
8l

0€

0l
0l

S¢
0l

VN

0l

S0

0l

0¢

€T
€T

9l

SC
0l

€C
Sl

S¢

S0

0l

S¢

8¢

€%
8l

0¢

4
Sl

0¢C
S0

VN

0¢

VN

0¢

VN

N4
gl

8l

S¢
0¢C

8¢C
€C

8l

0c

S0

0¢

0¢C

0€
€T

ST

0€
0¢C

0€
SC

S¢

0¢

Sl

8¢

S¢

0€
ST

S¢C

(2007) e 3° AesieH
(5007) Ile4

(6661) ‘e 32 yseqpq

(5007) e 32 2@

(€000
‘[e 39 3100.K) Bp

(€0027)
19No) pue uoleq

(#002)
‘e 33 Ajeqinod

(Se61)
J3|XeJ] pU® 93]4Ag

(zooD) e
19 BlUBD)-UOUOXOg

(S661) e 32
weadjasedelepueuy

(S007) 'Ie 39 Kely

(b661) e 32 pawyy

9¢
IC

6l
Ll

idl

4

0l

sisAeuy
-e39| 9Y3 40} suonedijduw] pue U031y [edonhjeuy pue Aouaiedsue.] 40j $3400G 98eU9AY :S3I1pN3S Joedwl| £7 JO MIIASY [BD1314D) BY) JO SI|NSIY

g xauuy

77

Evidence of Impact to date



"V Xauuy Ul Jaquinu Apnis aY3 031 SI9J. JaqUINN| ,

palesasuowsp
Ajenueasgng | g'| Tt

pajeJasuowsp
Ajrenueisqng

pajeJasuowsp
Aj[enueisqng

palesasuowap
Aj[enueasqng v'T

pajeqasuowap
Allenueasqng

a|qisnelg

[enuaiod

s|qisneq

8l

8l
0l

ST

9l

SC
8l

0l
0¢

€0

8l

S0

8T
S¢

00

00

00
00

00
00

00

00

SC

8l
00

9l

€C

00
00

Sl
€0

0l

0l

S¢

€T
0l

€T

0¢C

8T
8l

00
8l

00

00

8l

8T
Sl

8C

S¢

S¢
8l

8l
8l

S0

€l

SC

St
0¢C

8T

9l

8l
0¢C

8l
0¢C

S0

8l

€l

€T
0¢

0€

S°¢

8¢
0¢

Sl
€T

€l

Sl

€l

0l
00

€T

€l

0¢
0l

00
9l

0l

S0

SC

8¢
0l

0€

8l

8¢
0¢

S¢
S°¢

€T

0l

VN

S¢
00

0€

0¢

0¢C
€l

0¢
€l

80

S0

gl

8l
0l

4

0¢C

8l

Sl
S°¢C

VN

S¢
0¢C

0€

€c

S¢
ST

8l
8¢

S0

0l

S°¢

S¢
S¢

SC

0€

8¢
ST

Sl
ST

Sl

S0

VN

S¢
St

0€

S¢

0¢C
€l

0l
0l

0l

0l

€T

SC
ST

8C

0c

0¢C
0¢C

0¢C
S¢

S0

SC

VN

SC
ST

0€

S°¢

S¢
S°¢

0¢C
S¢

8l

o€

SC

ST
0¢

0€

8¢

o€
0¢

€T
S¢

8l

ST

SC

S¢
0¢

0€

0¢

0¢
S¢

€T
0¢

8l

0¢

(1007) & 3@ saippaz

(6661) ‘e 32 1dey
(S661) d =L

(1002)
‘[e 39 pJaojayIny

(9661) e 3 epany

(6661)
‘[e 39 yoequyoy

(£007) 'Ie 3@ sioy

(€007)
‘e 39 Suohuely

(S007) '[e 32 uednUE]

(ag007)
‘e 3 uosuyof

(e€002)
‘e 3 uosuyof

(penunuod)
sisA[euy-e19| aY3 4o} suonedldw| pue 4o3ry [ed1kjeuy pue AduaJsedsue.] J0j $9400G 93eJ9AY :S3IPNIS 30edW| £7 JO MIIAY |BI1ID) BY) JO SINSRY (@ Xduuy

[4

1S
6¥

144

&

[44
9¢

€€
[43

6T

8¢

CGIAR and NARS partner research in sub-Saharan Africa

78



Editing, design, layout and proofreading: Green Ink Publishing Services Ltd, UK (www.greenink.co.uk)
Printing:  Pragati Offset Pvt. Ltd, India (www.pragati.com)



P
ﬁf
CGIAR

SCIENCE COUNCIL SECRETARIAT
A Unit of the CGIAR System Office

Viale delle Terme di Caracalla, [-00153 Rome, Italy
www.sciencecouncil.cgiar.org
E-mail: sc-secretariat@fao.org
Tel: +39 06 5705 6696
Fax: +39 06 5705 3298






