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Preface
AgResults is a US$145 million multilateral learning initiative. It promotes the development
and dissemination of high-impact agricultural innovations for food security, health, and
nutrition through the design and implementation of prize competitions that are a class of
‘pay-for-results’ (PfR) project. AgResults also evaluates the effectiveness and efficiency of
these prize competitions and incorporates evidence-based learning to refine the PfR
approach.
By using PfR, AgResults goes beyond traditional aid measures to promote the adoption of
innovative technologies with high-yield development impact. AgResults calls upon the
ingenuity and drive of the private sector to identify and execute the most effective and
efficient strategies to achieve development outcomes. It does so by providing incentives to
private sector actors to develop and facilitate the uptake of innovative technologies, and
overcome market failures impeding the establishment of sustainable commercial markets for
such technologies or goods produced by the technologies. It thereby aims to achieve
substantial and sustained development impacts, including improved food security and food
safety, increased farmer incomes, and better health and nutrition.
AgResults is funded by the governments of Australia, Canada, the United Kingdom, and
the United States, and by the Bill & Melinda Gates Foundation, and managed through a
Financial Intermediary Fund operated by the World Bank as trustee. The AgResults team
comprises the Steering Committee, Secretariat, Trustee, country-specific Project Managers
(Tanager for the Kenya challenge project), and the External Evaluator. The Steering
Committee oversees the implementation of AgResults and is composed of the five donors
and the Trustee. The Steering Committee is responsible for strategic oversight of the
initiative, including endorsement of key management decisions, approval of concepts and
business plans for proposed projects, and monitoring of projects and the initiative as a
whole. The Secretariat is responsible for implementing the initiative and reports to the
Steering Committee. The Trustee provides financial intermediary services.
The Steering Committee appointed Abt Associates to serve as External Evaluator for
AgResults. The evaluator’s role is to use rigorous scientific tools to determine to what extent
the prize competitions achieve their objectives to produce private sector behaviours and
social outcomes different from, and better than, what would have happened in the absence
of the AgResults initiative. The evaluator defines the overall evaluation framework for the
AgResults initiative and an impact analysis strategy for answering common evaluation
questions for each competition. The evaluator implements and analyses field surveys,
conducts qualitative market analyses, and communicates evaluation findings to the Steering
Committee and wider audiences. The evaluator’s role is vital to the AgResults learning
agenda of understanding how donors may leverage the private sector to develop and spread
agricultural innovation. As funding permits, the evaluator also assesses the sustainability of
each competition’s benefits once the PfR incentives are removed.
This report presents the final evaluation findings for the On-Farm Storage Challenge Project
in Kenya. The Kenya evaluation was led by Betsy Ness-Edelstein. Dr Denise Mainville led
the qualitative research, and Dr Judy Geyer led the quantitative analysis with support from
Amanda Steigman and Micah Villarreal. Overall technical guidance was provided by
Dr Tulika Narayan, AgResults Research Director, and quality assurance was provided by
Cristofer Price, the evaluation’s Quality Assurance Officer. Ipsos Kenya conducted the
endline survey with support from Tabitha Nduku, who also conducted qualitative data
gathering under the supervision of Denise Mainville.
The evaluation team would like to thank our colleagues from the Steering Committee,
Secretariat, and Project Manager for supplying project-generated data and for their support
and feedback throughout the evaluation process.
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Executive summary
Background
The AgResults Kenya challenge project aimed to incentivise private sector firms to develop
and market improved on-farm storage (OFS) technologies using a pay-for-results prize
competition. Improved OFS technologies such as hermetically sealed bags and containers
help to prevent post-harvest losses of stored cereal and pulse crops due to pest and other
damage. The project offered cash payments to private sector companies based on the
volume of improved OFS capacity sold during the three-year project. The goal was to
catalyse a functioning, sustainable OFS market in the Eastern and Rift Valley regions of
Kenya.

Methodology
The evaluation team assessed whether the project led to impacts as expected, guided by a
set of evaluation questions common across all AgResults challenge project evaluations. The
evaluation used a mixed methods approach to answer key evaluation questions. This
approach included qualitative methods to assess the project’s impact on the development of
a market for improved OFS devices, an interrupted time series design to estimate impacts of
the project on adoption of improved OFS, and a difference-in-differences design to compare
the outcomes of smallholder farmer adopters of the technology with a matched group of nonadopters before and after the project.

Key findings
Market: Evidence suggests that the project created an emerging market for
improved OFS. Substantial smallholder farmer adoption of the technology
indicates the presence of demand. Multiple firms compete in the market, though
three large firms dominate.
Adoption: Evidence suggests that the competition was successful in scaling up
adoption of improved OFS. The competitors’ investments in developing distribution
networks and promoting improved OFS to smallholder farmers likely increased
adoption by 23 percentage points in Eastern (with 28% of farmers reporting that
they adopted in total) and 6 percentage points in Rift Valley (with 10% of farmers
reporting they had adopted in total) compared to what the interrupted time series
model projects would have happened in the project’s absence. This is a
substantial increase: the evaluation projected that without the project, adoption in
2017 would have been 5% in Eastern and 4% in Rift Valley.
Smallholder income and food security: The income and food security impact of
OFS adoption was small, with the main benefit of adoption being reduced use of
pesticide dust. Adopters increased maize sales revenue by a small amount (nearly
US$2 per year per household), but did not reduce their expenditure on maize for
consumption. Adopters reduced pesticide dust usage by 36 percentage points,
and many reported that reduced pesticide use was the key motivation for adopting
improved OFS. In other words, adopters appeared to be substituting one storage
technology (improved OFS) for another (traditional storage devices in combination
with pesticide dust). Accordingly, the evaluation found that adopters spent just
over US$2 less each year on pesticide dust (significant at the 1% level). Adopters’
annual spending on storage containers, however, was on average about US$1
higher than spending by non-adopters (also significant at the 1% level). In order to
calculate a total monetary impact at the household level, the evaluation team
estimated the combined effect of adoption on revenue net of costs for containers,
Abt Associates

AgResults Final Evaluation Report –
Kenya On-Farm Storage Challenge Project

December 2019 ▌viii

pesticide dust, and maize purchased for consumption. The difference of about
US$3 was not statistically significant.
Scale and cost-effectiveness: The project reached substantial scale, as
measured by the adoption rate. The project cost per household reached was
US$39, while the project cost per metric ton of storage sold was US$25.
Sustainability: The supply and demand conditions at endline are indicative of a
strong basis for the market to be sustained, although smallholder farmers’
economic returns to adoption are limited in this context.

The project’s business plan projected that smallholder farmers would benefit from their
purchase of improved OFS technologies in several ways: through reduced losses of stored
maize, reduced use of pesticides on grain stored for home consumption, and reduced
expenditure on maize purchased for consumption (Dalberg, 2012). The business plan did
not specifically project an increase in farmer income or revenue from grain sales as an
expected impact of the project. However, some AgResults stakeholders informally
expressed an expectation that farmers would use improved OFS to store grain longer and
sell when market prices were higher. There was broader consensus among stakeholders
that the main expected impact was improved food security because of reduced loss of stored
maize.

Findings on the market for improved OFS
Evidence suggests that AgResults likely created an emerging market for improved OFS,
particularly in the Eastern region, with substantial increases in both supply of and demand
for improved OFS. Private sector competitors invested in numerous areas to overcome
barriers to market entry including the binding constraint: the lack of distribution systems.
At baseline, there was limited demand due to low awareness of improved OFS among
smallholder farmers. Supply was hindered by a lack of distribution channels other than
donor-funded projects or direct distribution from suppliers to farmers. The existence of both
supply and demand barriers to entry presented a ‘chicken-and-egg’ problem for OFS
suppliers, which needed to develop demand and supply systems simultaneously in order for
the market to develop.
At endline, the supply of OFS expanded as a result of suppliers’ investments in smallholderinclusive distribution systems. AgResults’ verification process determined that total market
penetration across the two implementation areas was 14%. Nine companies participated in
the Kenya OFS challenge project, with six making qualifying sales of improved OFS, and
three achieving the threshold required for prizes. To compete, firms used strategies such as
partnerships with non-governmental organisations (NGOs), investments in refining and
manufacturing their products, incentives to distributors, and promotion via various channels
(especially radio).

Findings on adoption of OFS
Evidence suggests that AgResults likely contributed to a sizeable increase in adoption
(uptake) rates of improved OFS.
At baseline, the adoption rate in both Eastern and Rift Valley hovered around 1%. By 2017,
the last year of the project, 28% of sampled households in Eastern and 10% in Rift Valley
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reported having adopted improved OFS. A time series regression model predicted that, in
the absence of the project, adoption would have risen to 5% in Eastern and 4% in Rift
Valley. Comparing the predicted to actual adoption rates, we calculated that AgResults likely
contributed to a 23 percentage point increase in adoption in Eastern and a 6 percentage
point increase in Rift Valley. The increases each year were large and statistically significant
above what was predicted based on pre-project trends. The evaluation team thus concludes
that AgResults played a substantial role in increasing the rate of adoption. However,
because the model does not include a comparison group, the evaluation team cannot
completely rule out the influence of other factors on these results. Further, we cannot rule
out that the increase in adoption would have occurred in the absence of the project,
inasmuch as adoption may follow an S-curve and not a linear trend. However, it would be a
remarkable coincidence if the inflection point in the adoption S-curve occurred exactly when
AgResults was initiated.
The evaluation also studied the characteristics of adopters and non-adopters to better understand what factors made them more likely to adopt. In a pooled sample of households in
both regions, we found that female-headed households’ rate of adoption was 3.7 percentage
points higher than that of male-headed households (29% compared to 26%), controlling for
other household characteristics such as poverty, education, and off-farm income. Additionally, we found that compared to non-adopters, adopters were less likely to be very poor,
were more likely to have had some post-secondary education, were more likely to have sold
maize, owned more land, produced more maize, and had higher revenue from maize.

Findings on smallholder income and food security
In both regions, the project had a small (less than US$2 per adopting household per year)
but statistically significant positive impact on revenue from maize sales for adopters.
Multiplying that impact by the number of adopters who likely adopted because of the project,
this amounts to economic benefits of US$368,195. The evaluation did not find a statistically
significant impact on the amount that adopters spent on maize for consumption during the
most recent year. Farmers instead benefitted from not having to use pesticide dust on maize
stored for consumption: the project led to a 36 percentage point decrease in households’
likelihood of using pesticide dust on their stored maize. Qualitatively, many farmers reported
that improved OFS had taste and labour-saving benefits as well as perceived health
benefits.
The evaluator was charged with assessing the project’s impact on smallholder income,
which some stakeholders expected to see because they anticipated that improved OFS
would give farmers the flexibility to sell later after harvest when maize prices tend to be
higher. To assess this impact, the evaluation estimated the project’s impact on mean maize
revenue across all smallholder farmers using interrupted time series (ITS) analysis. There
was no apparent effect across all smallholder farmers, but this may be explained by other
time-varying factors that influence maize sales, which could have confounded the results.
While mean maize revenue across all smallholder farmers did not seem to change as a
result of the project, the evaluation also assessed whether there was an impact for the
population of adopters compared to non-adopters. The evaluation estimated this using a
quasi-experimental difference-in-differences analysis that matched adopters and nonadopters. This analysis revealed a small but statistically significant increase in revenue as a
result of adopting improved OFS, about 169 Kenyan shillings (less than US$2). Notably, the
overall proportion of households that sell maize was low at both baseline and endline: only
about one out of five households reported selling any maize from the most recent long rainy
season harvest. This finding challenges the project’s implicit assumption that most or all
farmers sell maize and therefore, theoretically, could garner higher prices by storing maize to
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sell when prices were highest. Indeed, the low proportion of households that reported selling
maize suggests that the assumption was incorrect at least in the short term. Instead, the
evaluation found that adopters of improved OFS largely used it to store maize for their own
consumption.
The project’s theory of change posited that the project would lead to lower maize losses
during storage. This would cause a decrease in households’ purchases of maize in the lean
season at high prices, thus lowering overall maize expenditures. However, using the same
difference-in-differences approach described above, the evaluation found that adoption did
not have a statistically significant impact on household expenditures on maize for
consumption. This is likely because households were already storing grain and preventing
loss by using pesticide dust.
The theory of change also indicated that adopting improved OFS would enable households
to stop using pesticide dust. The evaluation found a nearly 36 percentage point reduction in
households’ likelihood of using pesticide dust in their stored maize. Non-adopters typically
stored maize and other grains in polypropylene bags and applied pesticide dust to mitigate
against post-harvest losses. Adopters were able to substitute improved OFS to serve that
purpose instead. Over the expected lifetime of most improved OFS devices, the cost of
improved OFS is roughly equivalent to the combined cost of polypropylene bags and
pesticide dust, so there does not appear to be a net economic benefit of the project other
than the small increase in maize revenue discussed above.

Findings on sustainability
The market conditions at endline indicate that the market is likely to be sustained.
The AgResults competition motivated improved OFS suppliers to invest and overcome
significant barriers to market entry. This investment positions them to continue to serve the
market. Substantially higher farmer awareness of improved OFS technologies at endline
compared to baseline also supports the potential for sustainability. Factors that will affect
sustainability going forward include whether product quality is maintained and training of
farmers continues, whether improved OFS suppliers maintain distribution channels in lowerperforming areas, and whether private sector investment becomes crowded out by donor- or
government-subsidised distribution. The evaluators will examine these factors during a short
sustainability study in mid-2020, two years after the end of the project.

Findings on scale and cost-effectiveness
The project reached a substantial scale of market penetration.
Project monitoring data show an overall market penetration rate of 14% across the two
project regions at endline. Also, as mentioned above, the evaluation found that the project
likely increased adoption of improved OFS over what the model projects would have
happened in its absence by 23 percentage points in Eastern and 6 percentage points in Rift
Valley. This amounts to an estimated 220,000 additional households reached by the project.
The total discounted project cost was US$8.5 million, which amounts to US$39 for each
household adopting improved OFS, and US$25 per metric ton of capacity sold.
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Lessons learnt about the design and implementation of
agricultural prize competitions
The evaluation of the Kenya challenge project generated several lessons. One key lesson is
relevant to sponsors as they consider whether to go ahead with a new prize competition. To
understand the potential magnitude of benefits to be generated from the competition,
competition designers should conduct an ex-ante cost-effectiveness analysis and carefully
articulate the assumptions underlying the theory of change. Designers should also perform
sensitivity analysis to determine the impact of key assumptions that influence projected
benefits, including accounting for any alternative technologies in use that provide the same
benefit.
For example, pre-project impact estimates assumed that most farmers sell maize. Nor did
the estimates account for the extent to which pesticide dust usage was a primary mitigation
strategy to avoid post-harvest loss. Sensitivity analysis would have shown how the scale of
impact changes in response to alternative assumptions about the amount of maize sold and
the extent of pesticide dust use.
Another important lesson was around verification. Challenge projects like this one must
verify that sales were reported correctly, which can be costly—in Kenya, verification included
a large-scale farmer survey. If the prize competition’s technology specification and target
consumer base are well-matched, a challenge project may be able to forego some of the
verification burden. Finally, the Kenya challenge project showed that smallholder farmers
may adopt a technology for non-financial benefits, such as improved taste or (perceived)
health benefits.

Abt Associates

AgResults Final Evaluation Report –
Kenya On-Farm Storage Challenge Project

December 2019 ▌xii

Overview of the AgResults On-Farm Storage
Challenge Project in Kenya
This report discusses the findings of the external evaluation of the AgResults OFS challenge
project in Kenya, which was designed to create a market for improved OFS technologies
appropriate for smallholder farmers in Kenya’s Eastern and Rift Valley regions. This section
outlines the background and context for the project, the project’s design, and its theory of
change. Section 2 discusses the evaluation questions, designs, and methods used to
address each question the evaluator was tasked with answering. Section 3 discusses the
data, including sampling, data collection, and analysis used to answer each question.
Section 4 contains findings relating to each evaluation question. Section 5 presents
conclusions.

1.1

Background

Post-harvest loss (PHL) of maize and other crops has been a major focus of the donor
community in recent years. Farmers in sub-Saharan Africa face PHL of grain each season at
multiple points, including during harvest, processing, storage, and transport. The exact
magnitude of the problem is difficult to gauge; one frequently cited World Bank report
estimated that PHL of maize grain in Kenya averaged 17.5% (Zorya et al., 2011). A study by
the International Maize and Wheat Improvement Centre (CIMMYT; cited in Dalberg, 2012)
found that traditional farm-level storage of maize led to volume losses of about 25% in
Kenya, mainly due to weevils and the larger grain borer (LGB). Some estimates have been
lower, ranging from less than 2% up to 21% depending on context (Kaminski and
Christiaensen, 2014; Affognon et al., 2015).
Hermetically sealed storage containers are a technology solution to some PHL problems:
they prevent losses during storage of maize and other cereal and pulse crops by suffocating
any pests already present in the grain and by preventing new pests from getting in. They do
this without chemical pesticide dust, which many farmers currently use. Trials of these
technologies, some funded by the companies marketing the technologies and some not,
have shown them to be effective at reducing PHL compared with the polypropylene bags
most farmers in Kenya currently use (for example, Likhayo et al., 2016, Ndegwa et al., 2015;
Hell et al., 2012). It should be noted here that PHL can also occur at other points between
harvest and consumption. Some of the losses occur during shelling, when kernels may
break; drying, because if it is not done properly mould and toxins can grow within the grain;
transport; and other stages. The AgResults Kenya challenge project focused only on
addressing losses during post-harvest storage on the farm by creating a market for improved
OFS.
In Kenya as in many other countries, there was a missing market for such hermetic OFS
devices at the outset of the AgResults initiative (Abt Associates, 2015). On the supply side,
improved OFS suppliers had limited distribution networks to make the limited OFS technologies available to smallholder farmers. Previous donor-funded projects had conducted
direct distribution of improved OFS devices to farmers, but the nature of these efforts was
too small to spur widespread adoption of improved OFS. Furthermore, farmers had no place
to re-purchase devices at the end of the device’s useful life. On the demand side, awareness
of improved OFS was limited. Another constraint was the relatively high upfront costs of
improved OFS devices compared to traditional storage like polypropylene bags—improved
OFS prices start at around 200 Ksh and go up to many thousands of shillings, depending on
the device, while polypropylene bags cost 30 to 50 Ksh. The scaling up of the market would
require significant investment by firms marketing improved OFS devices to persuade farmers
of the products’ benefit and to scale up their distribution networks.
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1.2

Project objectives, design, and implementation

The AgResults challenge project was designed to address the market failure by introducing
a pay-for-results prize that would reward private sector companies (‘competitors’) for selling
improved OFS devices to smallholder farmers in Kenya. The prize was expected to motivate
private sector investment in the market for on-farm storage solutions. The theory of change,
which the external evaluator developed to summarise the pathway to impacts described in
the project’s business plan, is depicted in Exhibit 1-1. It posits that the PfR prize would spur
competitors to engage in development, distribution, financing, and awareness-creation
activities, leading to a robust market for OFS in Kenya.
Exhibit 1-1.

AgResults OFS challenge project theory of change

The project worked in Kenya’s main maize-producing regions, the Eastern and Rift Valley
regions, and the prize design was different in each region.
•

•

1

In the Rift Valley region, the prize had two components. The first five competitors to
sell 21,000 metric tons (MT) of storage capacity to smallholder farmers each got a
US$750,000 prize.1 Then, all competitors whose sales exceeded 21,000 MT of
storage got a share of a US$1 million prize distributed proportionally based on the
amount of capacity they sold to smallholder farmers. Competitors selling any
hermetic device were eligible to apply for participation in the Rift Valley competition.
In the Eastern region, the project had stricter criteria as to which devices were
eligible because of the higher prevalence of the LGB, a particularly destructive pest.
All competitors whose devices qualified for the Eastern region competition and who
met a 21,000 MT sales threshold of any single storage device got a share of
US$3 million distributed proportionally based on the capacity sold to smallholder
farmers.

Storage capacity is adjusted to account for a device’s expected useful life. For example, a device
that can hold 100 kg of maize and is expected to last for three seasons would be counted as
300 kg of storage capacity sold.
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AgResults did not directly promote any particular product, nor did it conduct campaigns to
publicise improved OFS or its benefits. Rather, in return for the promise of prize pay-outs,
the competitors themselves were required to do all promotion, distribution, and instruction of
farmers on proper use of products. See Annex A for additional details on project
implementation.
In the end, the project awarded just over US$6.25 million to three competitors. In the Eastern
region, two companies (Bell Industries and A-Z Textile Mills) were awarded roughly US$1.8
million each. In Rift Valley, Bell Industries was awarded just over US$400,000, while Elite
Innovations and A-Z Textile Mills were awarded just under US$300,000 each.
Expected benefits. Smallholder farmers were expected to benefit from their purchase of
improved OFS technologies in several ways per the project’s business plan (AgResults
2012):
•
•
•
•

Reduce in-storage losses
Avoid the use of pesticide on grain stored for home consumption
Reduce expenditure on maize purchases by avoiding or reducing the need to
purchase grain for consumption before harvest when retail prices are higher
Improve grain quality—aflatoxin levels were expected to be lower.2

The expectation was that, because smallholder farmers would lose less grain during storage,
they would be able to spend less on grain purchased for consumption once the grain from
their own production ran out. This typically happens during the ‘lean’ season when prices are
highest. Further, the smallholder farmers would also reduce their use of pesticide dust on
maize stored for home consumption. The business plan did not specifically project an
increase in farmer income or revenue from grain sales as an expected impact of the project,
though some AgResults stakeholders informally expressed an expectation that farmers
would use improved OFS to store grain longer and sell when market prices were higher.
There was broader consensus among stakeholders that the main expected impact was on
improved food security because of reduced loss of stored maize, as measured by reduced
expenditure on maize.
The evaluation’s initial qualitative assessment confirmed these potential benefits. In our
interviews, however, smallholder farmers highlighted reduction in use of pesticide dust as
the most important benefit and motivation to adopt the new storage devices. In fact there is a
trade-off between these benefits: if households already use pesticide dust to mitigate against
maize losses, there may be limited gains in avoiding maize losses from shifting to improved
OFS. Our initial research also suggested that the majority of smallholder farmers in Rift
Valley and Eastern expected to use the improved OFS to store grain for consumption (rather
than for grain they planned to sell). They reported selling their maize around harvest time for
many reasons, but chief among them were cash constraints and the need to pay school
fees. This tempered any expectation that smallholder farmers would see an increase in
maize sales revenue by selling later when market prices were higher. Burke, Bergquist, and
Miguel (2017) and Kadjo et al. (2018) provide support for this hypothesis with recent
evidence that smallholder farmers are driven to sell maize at harvest time because of cash
constraints, not storage losses.
Overall, as with all AgResults challenge projects, the Kenya AgResults approach was meant
to create a sustainable market. Competitors were expected to invest in raising farmer
awareness, developing supply chains, and establishing distribution networks to support
market creation. Once these initial investments had been made, the theory of change

2

The evaluation did not assess aflatoxin levels, as this was outside of the evaluator’s scope.
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posited, the market would continue to function even after the PfR prize was eliminated
because the products could continue to be marketed profitably.
In the next section, we describe the evaluation questions and approaches the evaluation
used to assess whether the theory of change played out as planned.
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Evaluation questions and methods
The evaluation of the AgResults Kenya challenge project used a mixed-methods approach
to answer each evaluation question. The questions are constant across all AgResults
challenge projects, enabling the comparison of results and systematic development of
lessons learnt. Exhibit 2-1 summarises the theoretical frameworks, evaluation designs, and
analytical methods applied to address each evaluation question. Sections 2.1, 2.2, and 2.3
present the detailed evaluation method for answering each question. Section 2.4 discusses
limitations of the methodology and steps the evaluation team has taken to mitigate these
limitations.
Exhibit 2-1.

Evaluation questions and methods

#

Evaluation Question

Evaluation Design and Data

1

Market: What has been the
impact of the AgResults challenge
project on private sector
engagement in the development
and uptake of innovations?

Theory-based before-after (pre-post) comparison using a
modified Structure, Conduct, Performance (SCP) framework.
Data from project monitoring, quantitative farmer survey, and
qualitative key informant interviews of diverse OFS market actors
and subject matter experts.

2

Adoption: What has been the
impact of the AgResults challenge
project on smallholder farmers’
uptake of improved OFS?

Interrupted time series analysis and descriptive analysis using
smallholder farmer survey data.

3

Smallholder income: What has
been the impact of the AgResults
challenge project on smallholder
farmers’ incomes?

ITS; impact analysis using coarsened exact matching coupled
with difference-in-differences design; and descriptive analysis
using smallholder farmer survey data.

4

Consumer demand: What is the
impact of the AgResults challenge
project on consumers’ demand for
derivative products?

Question not addressed in this evaluation because the Kenya
project did not involve derivative products.

5

Sustainability: What evidence
exists that the AgResults
challenge project is scalable and
that its effect will be sustainable in
the medium to long term?

Synthesis of findings from other evaluation questions.

6

Cost-effectiveness: What is the
evidence on the scale of any
effect on private sector investment
and uptake and on the costeffectiveness of AgResults as an
approach?

Synthesis of findings from other evaluation questions and costeffectiveness analysis.

7

Lessons learnt: What lessons
can be learnt about best practices
in the design and implementation
of agricultural prize competitions?

Synthesis of results from other evaluation questions with
reference to project theory of change and emerging lessons
learnt from the broader AgResults initiative.

2.1

Assessing the project’s impact on private sector engagement
(Evaluation Question 1)

The evaluation team used a pre-post comparison design to assess the project’s impact on
private sector engagement in the development and uptake of improved OFS. The team
compared the market for improved OFS at baseline and endline, focusing on whether or not
the project catalysed the development of a market for improved OFS. Using the SCP
framework as a foundation, we developed and tested qualitative hypotheses regarding the
effects of the project incentive on private firms’ perceptions of, participation in, and outcomes
in the development of markets for improved OFS. In doing so we also linked these results to
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those of Evaluation Question 2 on farmers’ uptake of the technologies. The elements of the
SCP framework are as follow:
•
•
•
•

Situation (the underlying or basic conditions of a market such as supply, demand,
and the enabling environment)
Strategy (individuals’ and firms’ strategic behaviour in response to market conditions)
Structure (characteristics of the market such as numbers of buyers and sellers,
degree and type of product differentiation, and barriers to entry)
Performance (simply put, the extent to which a market serves buyers’ and sellers’
interests to an extent that motivates them to continue to engage in the market).

Further detail on the SCP framework can be found in the evaluation design report (Abt
Associates, 2014). The evaluation team used this framework to characterise the market for
improved OFS in Kenya at baseline and then again at endline to compare changes. The
specific outcome measures we assessed are shown in Exhibit 2-2.
Exhibit 2-2.

Evaluation method and outcome measures for private sector
engagement (Evaluation Question 1)

Evaluation design

Outcome measures

• What are firms’ perceptions of supply, demand, and enabling
environment conditions; and how do those perceptions influence their
willingness to invest in the market for improved OFS?

Market Situation

• What are farmers’ perceptions and awareness of storage issues and
potential improved OFS solutions?
What are OFS suppliers’ strategies for
Firm Strategy

•
•
•
•

Product innovation
Procurement
Distribution
Demand creation and merchandising?

• How is the value chain for on-farm maize storage structured in terms
of major types of storage available, their volumes, and market flows?
Market Structure

• How many private sector actors of different types participate in the
market?

• What volumes are transacted by different types of actors?
• Does a commercially viable market for on-farm maize storage
solutions exist?

• Is this market technologically and economically responsive to the
Market Performance

needs of smallholder farmers?

• Is the OFS market accessible to the diversity of farmers who have
use for it, such as women and cash-constrained farmers?

• How do uptake patterns differ among storage options on the basis of
gender, farm characteristics, and competitor approaches?

2.2

Assessing the project’s impact on smallholder farmers (Evaluation
Questions 2 and 3)

For Evaluation Questions 2 and 3, which focus on the project’s impact on smallholder
farmers, we employed non-experimental and quasi-experimental evaluation designs. First,
we used interrupted time series (ITS) analysis to estimate adoption and the project’s impact
on mean smallholder returns. Since the project’s prize design and anticipated market
penetration rates were different in the two regions, we used the same design to estimate
impacts for both regions but performed the ITS analysis separately to enable comparison
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between the two regions.3 Second, we used coarsened exact matching (CEM) to estimate
the impacts of adopting improved OFS on maize sales revenue and expenditure on maize
for consumption. We conducted this analysis on a combined sample of adopters in Rift
Valley and Eastern region.
Our analysis of smallholder farmers is based on a sample of 4,070 farmers whom we
surveyed at least twice. The sample was drawn from geographic areas where the project
expected to have high success. Section 3.2 describes our data collection process, in which
we attempted to survey the same set of households in each survey round (baseline 1,
baseline 2, and endline). (Only one baseline survey was planned at the beginning of the
evaluation. However, implementation was delayed after the first baseline survey took place,
and the evaluation team agreed to conduct a second baseline survey one year later so that
data would reflect the period just prior to the project’s start.) In each survey, we asked
questions about the then-current year’s revenue from maize, maize harvest, maize sales,
maize consumption, use and knowledge of OFS, and household demographic variables.
Exhibit 2-3 summarises how we used the smallholder data to estimate impacts on
smallholder farmers, and the balance of this section explains our approach in more detail.
Exhibit 2-3.

Outcome measures and evaluation designs for Evaluation Questions 2
and 3
Outcome measures

Evaluation design

Evaluation Question 2: What has been the impact of the AgResults challenge project on smallholder
farmers’ uptake of on-farm storage?
Primary Outcome: Adoption of improved OFS technologies
(binary)

Interrupted time series design to test
whether post-intervention trend is different
from pre-intervention trend

Exploratory outcome: Awareness of improved OFS
technologies (binary)

Pre-post design using statistical tests for
differences in mean

Descriptive outcomes:

Descriptive (snapshot) analysis

• Any household member was trained on proper use after
adoption (binary)

• Any female household member was trained on proper
use after adoption (binary)

•
•
•
•
•
•

Knowledge of proper use after adoption (%)
Storage of grain from own production (binary)
Storage of grain for consumption (binary)
Storage of grain for sale (binary)
Storage of purchased grain (binary)
Crops stored in improved OFS (binary for each crop)

Evaluation Question 3: What has been the impact of the AgResults challenge project on smallholder
farmers’ incomes?

3

Primary Outcome: Revenue from maize sales (2010 Ksh)

Interrupted time series design to test
whether post-intervention trend is different
from pre-intervention trend
Quasi-experimental design using differencein-differences estimation on matched group of
adopters and non-adopters to estimate the
impact of adoption

Primary outcome: Expenditure on maize for consumption
(2010 Ksh)

Quasi-experimental design using differencein-differences estimation on matched group of

Note that the evaluation did not attempt to estimate total market penetration of improved OFS.
Rather, it assessed rates of adoption focusing on areas where the competitors planned to focus
their efforts.
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Outcome measures

Exploratory outcomes

• Household sold any maize (binary)
• Household purchased any maize for consumption during
the past 12 months (%)

Evaluation design
adopters and non-adopters to estimate the
impact of adoption
Quasi-experimental design using differencein-differences estimation on matched group of
adopters and non-adopters to estimate the
impact of adoption

• Household reported loss or spoilage of any maize during
storage (%)

• Household used any pesticides in grain stored for
consumption (%)

• Maize yield (kg/ha)
Interrupted time series4
We estimated time series regressions to test for differences in adoption (primary outcome)
and OFS use trends in pre-intervention periods (2011–2014) and post-intervention periods
(2015–2017). We controlled for weather and soil conditions that vary over time. (Annex B
contains the specifications of those regression models.)
The evaluation defined uptake, or adoption, of improved OFS as acquiring any of the
devices being sold under the project. Households were ‘adopters’ if they had purchased any
of the devices at any point, even if they never used the device or had used it and then
stopped using it later on (‘dis-adopted’).
For the assessment of smallholder incomes (Evaluation Question 3), we describe
smallholder farmers’ mean revenues by year. The evaluation used revenue from maize sales
as an indicator to measure changes in smallholder income, given the theory of change (the
project was not expected to have an impact on other components of income). The evaluation
team’s measure of revenue is based on revenue from the two largest sales made by farmers
each year (the vast majority reported only one sale).
The ITS approach to answering Evaluation Questions 2 and 3 was the most rigorous
possible given project implementation plans. It shows changes over time but does not
provide evidence that the changes were caused by AgResults. Because of this, the
evaluation team also used a quasi-experimental design (QED), described below, to estimate
the impacts of adoption on other outcomes such as maize sales, revenue, and food security
outcomes. Limitations of the evaluation are discussed further at the end of this section.
Quasi-experimental design
To estimate the impact of adopting OFS on other outcomes (i.e., the project’s impact on
production, maize sales, revenue, and food security as a result of farmers’ adopting OFS),
the evaluation team used a QED that allows causal inference. To obtain impact estimates,
we compared smallholder farmers who adopted OFS (‘adopters’) to a set of smallholder

4

The original evaluation design was a comparative ITS incorporating an ‘unaffected outcome’ as a
comparison to the primary outcomes being explored (Abt Associates, 2014). The evaluation team
planned to use maize yield as the unaffected outcome. This decision was based on the premise
that maize yield would be affected by all other exogenous factors that would also affect adoption
and maize revenue, but that maize yield would not be affected by the AgResults project.
However, research released during the project period (see Ricker-Gilbert and Jones, 2015)
indicated that providing farmers in Malawi with pesticide dust to reduce maize losses in storage
led to higher adoption of hybrid, higher yielding maize seeds. Hybrid maize is more susceptible to
pests while in storage, so better storage reduced the risk of using hybrid seed. Thus, the
evaluation team concluded that the project could affect maize yields and eliminated the
unaffected outcome from the evaluation design.
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farmers who did not adopt (‘non-adopters’) and are similar to the adopters with respect to
most observable demographic and farm characteristics. Specifically, we used CEM to match
adopters to similar non-adopters along their observable characteristics. This matching
yielded a sample of 867 adopters (out of a total 1,026 adopters in the full sample) and 867
non-adopters selected from the original 4,070 analysis sample used in the time series and
descriptive analysis.
CEM is a non-parametric matching method. We initially attempted to use propensity scores,
the most commonly used parametric method for matching, but we did not have success
using the propensity score methodology to identify a well-matched comparison group (see
Annex B for more detail). As an alternative to propensity score matching, CEM requires that
the selected smallholder characteristics are appropriately balanced. The CEM method
achieves this by defining optimally bounded ‘bins’ of the joint distribution of selected
smallholder characteristics, and requiring the same number of treatment and matchedtreatment samples from each bin (Iacus et al., 2011; Berta et al., 2017).
Prior to matching we had found that compared to non-adopters at baseline, adopters were
less likely to be very poor, were more likely to have had any post-secondary education, and
were more likely to have sold maize. Adopters also owned more land, produced more maize,
and had higher revenue from maize. The matching process identified pairs of adopters and
non-adopters who were exactly matched or similar on those and other baseline
characteristics. As input to the CEM method, we chose to match on variables that are most
influential to future maize revenue, and variables on which the full sample of adopters and
non-adopters were most imbalanced. The resulting pairs of adopter and non-adopter
smallholder farmers in the comparison group were exactly matched on region (Eastern or
Rift Valley) and on indicators of being very poor, having any secondary education, and
having sold any maize in 2014. The pairs were also exactly matched within optimally
bounded bins on baseline measures of 2014 maize revenue; hectares of land owned;
average maize production from 2012, 2013, and 2014; and amount of money spent on
maize for consumption in 2014. Additional details of these eight matching variables are listed
and described in Annex B.
Though the CEM matches only on eight, we found that the resulting selected pairs match on
most other covariates. Out of 59 variables tested, seven are statistically significantly different
between the selected adopter and non-adopter pairs. The magnitudes of the baseline
differences were small, however, all being equal to 0.14 standard deviations (of their
respective measure) or less. Of the seven, we controlled for three when estimating the
impact of adoption on outcomes (number of adults, mean yearly temperature, distance to a
population centre with at least 20,000 people). Two of the variables (planted hybrid seed and
revenue in 20145) are the baseline measures of the outcomes on which impacts are
estimated and are included as the baseline measure in the models that estimate impacts on
those outcomes. We did not control for the remaining two (lived in Embu or Machakos
counties) because the sample size of households in various counties precludes their
inclusion. Annex B contains more detail about the CEM method and the quality of the match
between the selected sample of adopters and non-adopters.

5

Revenue in 2014 was used as a matching characteristic in the CEM procedure. Although pairs
were matched within coarsened bins, the overall average baseline difference was statistically
significant. This can happen when, within each bin, one group has higher revenue. Although the
difference was statistically significant, the magnitude of the difference was small (0.09 standard
deviation units). And there were no statistically significant differences between the matched
adopter and non-adopter groups in baseline measures of 2012 or 2013 revenue.
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We used a difference-in-differences regression model on the matched data to estimate the
impact of adoption on sales, harvest, and food security outcomes. Annex B describes the
regression model in full detail. The difference-in-differences model is robust because it
accounts for unobservable time-invariant features of households that may influence the
household’s decision to adopt OFS. Therefore, we view the results as providing strong
causal evidence of the impacts of OFS adoption.6
Descriptive pre-post comparison
To measure the change in smallholder farmers’ awareness of improved OFS technologies,
we used a statistical comparison of means (t-test) of awareness at baseline and endline. The
sample for this was composed of the 4,070 respondents whom we had surveyed at least
twice. This descriptive analysis shows the increase in awareness of improved OFS in Kenya,
but it does not tell us the extent to which AgResults caused that change.
Descriptive (snapshot) analysis
The evaluation team calculated descriptive summary statistics of variables describing
farmers’ use of improved OFS after adoption. These outcomes included whether anyone in
the household was trained in proper use of the technology they adopted; what the
respondent’s level of knowledge was on proper use, regardless of training; and what the
adopters used their devices to store (grain from own production or purchased grain, grain
they would consume or sell, and which crops). The sample for this analysis was limited to
the respondents who had adopted by the final year of the project (1,026 in total).
As with the ITS analysis, we cannot attribute impacts on knowledge or types of OFS use to
AgResults because this analysis does not compare outcomes against a comparison group.

2.3

Assessing the project’s impact on scale, cost-effectiveness,
sustainability, and overall lessons learnt on prize competition design
and implementation (Evaluation Questions 5, 6, and 7)

Sustainability (Evaluation Question 5)
To assess sustainability, the evaluation team examined whether the market conditions at
endline suggested the continuing functioning of the market. The theoretical framework for
this assessment was the SCP framework described above. A likelihood of sustainability, in
the judgement of the evaluation team, depends on whether market developments stimulated
by the project will continue following cessation of the prize incentives; that is, whether the
preconditions for a sustainable market have been established or not.
For this report, we assessed competitors’ interest and capacity to continue engaging in the
market as well as smallholder farmers’ behaviour in terms of adoption (and dis-adoption) of
the technologies. Notably, other donors, such as the World Food Programme, may be
planning to implement large-scale OFS promotional campaigns in Kenya following the
closure of the project. Future sustainability analysis will look in detail at whether this and

6

To estimate the impact of adoption of several outcomes, we compared adopters to a matched set
of non-adopters using a regression model with household random effects. In the dataset used to
estimate the regression model, each household had two observations: a ‘pre-intervention’
observation and a ‘post-intervention’ observation. At a reviewer’s suggestion, we estimated an
alternative model that uses household fixed effects rather than household random effects. The
results were nearly identical—we believe this is expected when all households have the same
number of observations and all are measured at the same time points. In part for this reason, we
still prefer to rely on the matched sample rather than the full sample, because the fixed effects
alone (without matching) would not provide sufficient assurance against selection bias.
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other donor-funded programming has had an effect of crowding out private sector
investment or has played a complementary role.
Section 4.4 presents the results of the sustainability analysis. In mid-2020, two years after
the end of the project, we will gather additional data to assess the extent to which
hypotheses developed about sustainability have been borne out.
Scale and cost-effectiveness (Evaluation Question 6)
To assess the project’s scale of private sector investment we used three metrics. First, we
assessed the scale of private sector engagement by commenting on the number and
diversity of private sector actors. Second, we measured the scale of impact on smallholder
farmers as the extent of market penetration the technologies achieved. For this metric, we
compared the market penetration of improved OFS with the expectation in the business plan
(Dalberg, 2012). We measured market penetration as the sales of improved OFS using the
project’s monitoring data. We also estimated the proportion of sales that occurred due to
AgResults by subtracting sales that we project would have occurred even in the absence of
the project, as calculated to respond to Evaluation Question 2. Finally, we estimated the total
amount of storage capacity sold as a result of the project. We estimated this by taking the
number of smallholder farmers reached by the project and multiplying by the average
storage capacity sold per household. For this analysis, we used each device’s useful lifeadjusted capacity (provided by the AgResults Secretariat).
To assess the cost-effectiveness of the AgResults Kenya challenge project, we compared
the costs incurred through year 5 (2018/2019) to the size of impact the project likely
achieved. We annualised costs using a 12% discount rate. (All costs were normalised to
2017 U.S. dollars and discounted with a discount rate of 12%, as recommended by DFID
guidance (DFID, 2005)). We divided project costs by the level of changes estimated in our
quantitative analysis to develop a ratio of cost per unit of change. For example, a costeffectiveness ratio based on the number of households adopting OFS indicates the amount
of money the project spent per adopting household. We calculated cost-effectiveness ratios
using the following equation:
𝐶𝑜𝑠𝑡𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠𝑖 =

𝐶𝑜𝑠𝑡
𝐼𝑚𝑝𝑎𝑐𝑡𝑖

Where:
CostEffectivenessi

=

The cost-effectiveness ratio for impact i

Cost

=

The total cost of the Kenya challenge project

Impact

=

The size of change for outcome i (i.e., metric tons of capacity
sold, households adopting)

In particular, we examined the cost-effectiveness ratio for two primary outcomes:
•

i=1: Estimated impact of AgResults on the metric tons of storage capacity sold. This
was estimated by multiplying the number of smallholder farmers reached by the
project by the average storage capacity (for each device’s expected useful life) sold
per smallholder farmer or household. We obtained data from the AgResults
Secretariat on the amount of storage capacity sold by each competitor and multiplied
that by each device’s useful life. In other words, a bag of 100 kg with a useful life of
three years has a useful-life adjusted capacity of 300 kg, which is the figure used in
our calculations. Sales data were also adjusted by the Secretariat based on the
assumption that 91% of sales were to smallholder farmers, according to results of a
verification survey commissioned by the Secretariat and the Project Manager.
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•

Therefore, the results of the cost-effectiveness analysis are specific to smallholder
farming households.
i=2: Estimated impact on the number of households adopting. This was estimated by
multiplying the impact estimates (expressed in percentage points) obtained by the
interrupted time series approach (described above and reported in Section 4.2.1) by
the number of smallholder farmers or households in the target regions (Eastern and
Rift Valley).

Exhibit 2-4.

Evaluation method and outcome measures for scale and costeffectiveness (Evaluation Question 6)

Evaluation design

Outcome measures

Evaluation Question 6: What is the evidence on the scale of any effect on private sector investment
and uptake and on the cost-effectiveness of AgResults as an approach?
Scale
Synthesis of monitoring data and
• Market penetration in each region where the project operated (scaled
evaluation results
by subtracting the proportion of sales that the evaluation estimates
would have occurred in the absence of the project)

• Total number of smallholder households reached by AgResults
Cost-effectiveness
Cost-effectiveness analysis using
project monitoring data and
evaluation results to estimate costto-impact ratios for two outcome
variables

• Cost per smallholder household reached by AgResults
• Cost per metric ton (MT) of useful life-adjusted storage capacity sold
to smallholder farmers

Lessons learnt in design and implementation of prize competitions (Evaluation
Question 7)
We answer this question through a synthesis of evaluation findings from Evaluation
Questions 1-5 with reference to the project theory of change and project design. We
organise our assessment following the framework we developed on assessing the suitability
of prize competitions from the emerging lessons learnt (Mainville and Narayan, 2017).

2.4

Limitations

While the approach to evaluating smallholder impacts was designed to be as rigorous as
possible given the project’s design, factors such as timing, geographical coverage, and the
private sector-led approach limited the evaluation design options. The project design did not
allow for random assignment of control and treatment groups (a randomised controlled trial
is often considered the gold standard in impact evaluation designs) because competitors
could not control who their products’ end users were. Furthermore, there was no way to
construct a comparison group from outside of the project regions because farming
characteristics within the project regions differed substantially from farming characteristics in
other regions of Kenya.
Because the evaluation’s approach to assessing the impact of AgResults on smallholder
farmers’ uptake (‘adoption’, primary outcome 1) of OFS and to assessing AgResults’ impact
on maize revenue (primary outcome 2) did not involve a comparison group, the evaluation
provides weak evidence for causal inference. The evidence is considered weak because the
lack of opportunity to isolate a subset of Kenyan maize smallholder farmers from the effects
of AgResults means we cannot rule out the influence of other time-varying factors on the
changes we observed. For example, the Kenya Agricultural Value Chain Enterprises
(KAVES) project of the U.S. Agency for International Development (USAID) ran from 2013 to
2018 and also promoted improved OFS. In its final report, KAVES claims credit for bringing
‘commercial drive and financial resources’ that helped to kick-start the improved OFS market
in Kenya (Fintrac, 2018). While KAVES’ effort was on a much smaller scale than AgResults,
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we cannot disentangle the impact that this and other programs may have had on the market
from the impact that AgResults had.
However, the evaluation’s approach is stronger than a simple pre-post comparison because
it uses multiple points in time rather than only two. This helps to allay the concern that
results might be driven by one or two atypical years.
The evaluation team also acknowledges that the assumption in the ITS design that adoption
of improved OFS would be linear during the time period in question is a strong one.
Alternatively, it is possible that improved OFS would follow an S-curve model of technology
diffusion, a pattern first noted by Griliches (1957) to describe diffusion of hybrid corn in the
United States and later applied to many other technologies. The S-curve shows how
technology adoption is slower in the early stages of a technology’s availability, asymptotic to
zero, followed by an increasing slope until an inflection point where the market reaches
maturity, after which the curve asymptotically approaches its ceiling, or maximum market
penetration. Since improved OFS is still relatively new, it was not possible for the evaluation
team to determine its true adoption curve, nor would it have been appropriate to model an
S-curve prior to market maturity. To the extent that adoption follows an S-curve model in
practice, the assumption of a linear model in the analysis is a weakness in the design and
overestimates the impact. That said, it would be a remarkable coincidence if the inflection
point in the S-curve occurred exactly when AgResults was initiated.
Our estimation of the impacts of improved OFS adoption on other farmer outcomes uses a
difference-in-differences design with a matched sample of adopters and non-adopters. This
quasi-experimental approach does allow causal attribution of results to adoption of improved
OFS (though not to AgResults necessarily). Still, QEDs such as this one do have some
limitations. One is that the threat of selection bias can never be totally eliminated when
QEDs are used to estimate impacts; this is a standard limitation of such designs. Factors
mitigating potential selection bias were that the treatment and comparison groups were
matched such that they were similar at baseline and the impact models included covariates
to minimise remaining baseline differences between the two groups.
A final limitation is that the quantitative data for the study are primarily survey-based and
therefore may include some measurement error. The team attempted to mitigate this by
taking numerous steps to ensure data quality, described in Annex C.
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Data
In this section, we describe the data used to address the evaluation questions, sampling,
data collection, and analysis. We describe the qualitative data first, followed by quantitative
data.

3.1

Qualitative data

This section discusses the evaluation’s qualitative data collection methods, the types of
respondents from whom we collected data, and the process of data collection. The
qualitative data contribute to the endline assessment report in three areas. First, they
underpin the testing of qualitative hypotheses about the private sector in the market for
improved OFS (Evaluation Question 1). Second, they enrich interpretation of results of
Evaluation Questions 2 and 3; and third, they contribute to the analysis of sustainability,
scale, and lessons learnt (Evaluation Questions 5, 6, and 7).
We collected qualitative data using key informant interviews and small-sample surveys of
actors purposefully selected to include current and potential actors in the improved OFS
value chain, as well as sector experts. Referencing the SCP framework, data collection
focused on eliciting information on firms’ and farmers’ perspectives on the basic conditions
underlying the market for improved OFS and on their strategies for engaging (or not) in the
OFS market. Accordingly, our sampling plan included diverse groups of respondents as
indicated in Annex D. The sample represented a range of experience with and exposure to
improved OFS by purposively selecting respondents from ‘high-uptake’ and ‘low-uptake’
counties. To determine these categories we drew on project monitoring results and publicly
available data to estimate uptake per capita (see Annex D for specifics).7 We collected data
from respondents from at least two locations within each of the selected counties. We went
to two counties in each region—Machakos (a high-uptake county) and Makueni (a lowuptake county) in Eastern, and Uasin Gishu (a high-uptake county) and Narok (a low-uptake
county) in Rift Valley. We also aimed to represent the diversity of smallholder farmers in
Kenya by including specific groups of interest such as women and the poorest farmers to
understand their differentiated experiences with the improved OFS market and the products
themselves.
We collected data from three types of actors in the market for improved OFS—AgResults
competitors (also referred to throughout as improved OFS suppliers), market-based
distributors of improved OFS, and farmers. We also interviewed government actors,
representatives of NGOs and development projects, and other experts with relevant
knowledge about the implementation context and farm storage. Exhibit summarises the
interviews we conducted with each category of respondents, and how we selected the
respondents.

7

In estimating market penetration for the purpose of characterising the counties as high or low
uptake, we made the assumption that the proportion of smallholders in the population is
consistent in each county.
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Exhibit 3-1.

Qualitative sample by respondent type

Respondent
Type

Endline Sample

Basis for Sample Selection

National-level sample
7

Attempted to interview all nine
AgResults competitors, but only
seven agreed and were
interviewed.

7

All available Advisory Council
members; other key informants
with knowledge of implementation
context and farm storage issues.

Current and
potential
distributors of
improved OFS

34 distributors
 17 in Eastern, 17 in Rift Valley
 16 in high-uptake counties, 18 in low-uptake
counties
 By type of distributor
o 5 ‘promoters’ (i.e., individuals contracted to
promote OFS products on behalf of specific
suppliers)
o 29 independent distributors
 13 representatives of female-owned firms, 21
representatives of male-owned firms

Diversity of representation sought
across location, supplier affiliation,
distributor type, gender of firm
owners, and status of firm with
respect to whether it does, has, or
has not stocked improved OFS.
Additional respondents identified in
collaboration with local distributors
or OFS suppliers when needed
representation was not available
from quantitative sample pool.

Farmers

32 farmers
 16 in Eastern, 16 in Rift Valley
 16 in high-uptake counties, 16 in low-uptake
counties
 20 women, 12 men
 6 adopters, 7 dis-adopters, 8 aware nonadopters, 11 not-aware non-adopters at time of
quantitative survey

Respondents selected from
quantitative survey respondents,
with representation across project
implementation zones, location,
OFS type, OFS adoption status,
gender of respondent and
household head, size, and market
orientation of farm.

OFS suppliers
(AgResults
competitors)
Advisory Council
and other public
sector, non-profit,
and private sector
subject matter
experts
Regional and local sample

Local government
agricultural agents

8

One per location selected for data
collection.

For each type of respondent, we developed semi-structured interview guides to collect the
data. The interview guides contained a mix of closed-form questions to allow for a basic
characterisation of the respondents and their involvement in the OFS market, and openended questions about the key OFS issues of interest.

3.2

Quantitative data

The evaluation team conducted three rounds of quantitative data collection in the form of a
farmer survey that covered both regions. We collected the first round of baseline data in
2014. Subsequently, the project was delayed by about a year while sales verification
protocols were re-designed. Because of this delay, the project sales period was pushed back
to begin in May 2015 instead of May 2014, and it ended in May 2018 instead of May 2017.
Thus, the evaluation team collected a second round of baseline data in 2015, ensuring that
the evaluation (particularly the interrupted time series analysis) had information on farmer
outcomes just before the sales period against which to measure changes. Endline data
collection occurred in 2018. We also gathered geographic information system (GIS) data
from secondary sources on households’ distance from markets, key climate indicators such
as temperature and rainfall, and soil conditions. This was important because distance from
markets could affect access to improved OFS as well as agricultural outcomes, and climate
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and soil conditions could affect agricultural outcomes. We matched the GIS data to
household survey data using coordinates corresponding to survey respondents’ locations.
In each county of the two regions, survey areas (sub-counties) were purposively selected
based on their likelihood of being targeted by competitors for marketing and sale of improved
OFS technology based on (1) sub-county level maize production and yield data and
(2) competitors’ own indications of which areas they planned to target as stated in their
applications.
Our sample size was based on statistical power analyses to estimate the number of villages
and households that would be needed in the evaluation sample to be able to detect the
expected market penetration rate with reasonable statistical power under the analysis
approaches described above. The anticipated penetration rates or adoption rates were 6%
and 18% in the Eastern region and the Rift Valley region, respectively, which led to a higher
sample size in Eastern than in Rift Valley.
Exhibit 3-2.
Eastern
Rift Valley

Number of households surveyed
Baseline 1

Baseline 2

Endline

4,217

3,719

3,614

548

495

477

There were 4,765 households that agreed to participate in the first baseline survey. Of these,
3,744 successfully participated in the second baseline survey. Due to the relatively high
attrition rate, the second baseline survey also successfully interviewed 470 households that
did not participate in the first baseline survey (see Annex C for details on attrition). For the
endline, 4,091 households successfully completed the survey, but 21 were not successfully
linked to either baseline survey (or appeared to have duplicate household IDs). Our final
analysis sample is 4,070, which represents the set of households successfully interviewed at
endline that participated in at least one of two baseline surveys.
The evaluation sample is purposively selected and not intended to be representative of the
entire region of the Rift Valley and Eastern regions. Although the evaluation sample includes
households in all counties in the region, it oversampled the Eastern region compared to the
Rift Valley (138 randomly selected villages compared to 10 randomly selected villages) with
the goal of being representative of competitors’ initial implementation plans. After selecting
the villages, we used linear systematic sampling to select households for interviews within
each village. The field teams selected a starting point (such as a church, school, hospital, or
water source) and then sent interviewers out in opposing directions. These enumerators
walked through the village asking every household at a random, pre-determined interval to
participate, screening out households without smallholder farmers or whose members had
not planted maize or other cereal or pulse crops in the past year.
The preferred respondent was the household member who is primarily responsible for
making decisions about the household (i.e., the household head). If the household head was
not available immediately or by appointment, the enumerator interviewed the next most
important household member in making household decisions (likely the household head’s
spouse). If appropriate respondents in the household refused to be interviewed or could not
be located for an interview after three visits, that household was replaced with the next
household in the direction of the walk pattern. See Annex C for detail on the data collection,
quality control, and analysis.
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Evaluation results by question
This chapter presents the evaluation findings by question.

4.1

Evaluation Question 1: Private sector engagement

Key findings
AgResults likely contributed to creating an emerging market for improved OFS. It
increased awareness of, and demand for, OFS solutions significantly among
smallholder farmers. It incentivised competitors to refine products to meet
smallholder needs; and developed distribution, marketing, and promotion
systems that enabled them to penetrate the smallholder farmer market—the Project
Manager estimated market penetration at 14% at the end of the project (Tanager, 2018).8
The result of competitor efforts and investment was a burgeoning market for OFS where
smallholder farmers typically had access to several sources and types of OFS from which to
choose.
In this section, we outline the results of our inquiry into the project’s impact on private sector
engagement in the development and uptake of improved OFS. Following the logic of the
SCP framework, we begin with the situation (the underlying market conditions), then firms’
strategies in the market given these conditions, the aggregate market structure, and market
performance. For each component, we begin by summarising our baseline results, followed
by our hypotheses about the project’s impact, then describe our endline results, and
conclude by discussing how well endline outcomes accord with the hypothesized impacts
given the observed changes.
4.1.1 Situation, or basic conditions, of the on-farm storage market
Comparing baseline to endline, the evaluation found increased awareness of and demand
for improved OFS, a vastly expanded supply of OFS, and an enabling environment that was
still amenable to private sector investment in the market for improved OFS.
Baseline
At baseline, we found limited demand for, and supply of, improved OFS though the enabling
environment was largely neutral or supportive. The limited demand for OFS among farmers
was due to low awareness of improved OFS solutions available, despite a broad perception
of high post-harvest losses of cereals and grains. Potential OFS suppliers (as well as other
key informants) reported that they perceived strong potential demand for improved OFS, and
farmers often expressed interest in improved OFS when apprised of its existence and
potential benefits.
The supply of OFS to farmers, despite its existence and availability in-country, was limited.
Distribution was almost entirely direct from suppliers to farmers (e.g., farmer field days) or
provided through donor- and government-subsidised distribution. The lack of expressed
demand and limited distribution systems represented barriers to entry to potential OFS
suppliers in that development of each of those entailed large fixed (or quasi-fixed) cost
investments. Furthermore, the existence of both supply and demand barriers to entry
presented a ‘chicken-and-egg’ problem for potential OFS suppliers, which needed to develop
both demand and supply systems simultaneously for the market to develop. Despite these
constraints, an important insight at baseline was the eagerness of private sector actors at all

8

Note that the market penetration rate reported here is different from adoption estimated in this
evaluation because it accounts for the whole project area.
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levels of the value chain to engage in the market once they were made aware of improved
OFS products and their potential benefits and market.
Finally, the enabling environment appeared to be neutral or supportive—Kenya’s political
environment is recognised as largely friendly to entrepreneurship,9 the economy is fairly
stable, and there are institutions in place such as the Kenya Bureau of Standards that
provide a supportive regulatory environment. One enabling environment issue with apparent
potential to undermine the project’s results was possible ‘crowding out’ of market-based OFS
sources by free or subsidised distributions from government, donor-funded, or charitable
projects. Another enabling environment issue raised by several potential AgResults
competitors prior to the project’s start was that several firms already had products in the
market (specifically, GrainPro and PICS bags). Several private sector respondents
expressed concern not only that these firms might have an advantage due to their early
presence in the market, but also that they would benefit unfairly from receipt of donor and
charitable funding that they could use to cross-subsidise their activities while still staying
within the project’s rules.
Hypotheses
We hypothesized that, given the perception of strong potential demand for improved OFS,
the AgResults incentive would help to overcome the disincentive presented by the high
barriers to market entry that resulted from the low awareness of and low expressed demand
for improved OFS among smallholder farmers, as well as the high cost of developing
distribution systems that would be able to effectively reach smallholder farmers at a
reasonable cost. In short, we hypothesized that the opportunities presented by the
AgResults competition would increase the perceived potential payoff of investing
aggressively and at scale in the market. Building on concerns expressed by some
competitors prior to the project’s initiation, we hypothesized that firms already active in the
market could have an advantage including brand awareness by farmers and access to donor
or government funding.
Endline
At endline, we observed significant increases in awareness of, and demand for, OFS among
smallholder farmers; as well as vastly expanded supply of improved OFS relative to
baseline. We also observed that the AgResults incentive had an unintended positive effect
on the enabling environment.
With respect to demand for OFS, the evaluation found substantial increases in farmers’
awareness and uptake of improved OFS between baseline and endline in both the Eastern
and Rift Valley regions. (Refer to Section 4.2 for an extensive discussion of these increases.)
Meanwhile, the supply of OFS also expanded as a result of OFS suppliers’ investments to
create smallholder-inclusive distribution systems. OFS distribution strategies and the nature
of the distribution systems themselves are detailed in subsequent sections on supplier
strategy and market structure. Evidence of the reach of these systems to smallholder
farmers—an important aspect of supply—is reflected in the fact that at endline, 61% of
sampled farmers in Eastern and 23% of sampled farmers in Rift Valley could cite specific
locations where they could purchase improved OFS.
Our endline observations did not support the hypothesis that firms already established in the
market could have an advantage over new entrants. In fact, only one of the top three

9

The World Bank’s Doing Business series rates Kenya at 70.3 on a scale of 100, relative to a
regional average of 51.6 for Sub-Saharan Africa, taking into account subjective assessment of a
variety of factors including ease of starting a business, registering property, getting credit, trading
across borders, and enforcing contracts, among others (World Bank, 2019).
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competitors had a prior presence in the market (Bell, which markets Purdue Improved Crop
Storage (PICS) bags in Kenya), while two other firms that were in the market prior to
AgResults—GrainPro and Ekima—failed to register any significant results in the competition.
At the same time, several competitors commented that the early presence of PICS in the
local market had raised early awareness of hermetic storage. Other competitors were able to
capitalise on that awareness as they developed their own demand bases.
The AgResults initiative also had an unintended positive effect on the enabling environment.
Specifically, it led to the creation of a protocol for testing whether storage containers were
LGB-proof. Such a protocol was needed in order to qualify OFS products for the Eastern
region prize; however, it will remain available as a standard that other value chain actors can
draw on for similar purposes in the future.
4.1.2 Strategies of OFS value chain actors
Throughout AgResults, six improved OFS suppliers, out of a total of nine competitors, made
aggressive investments to develop demand and a distribution system for their improved
OFS. Investment and innovation were seen in the partnerships, sourcing, distribution
systems, and marketing and promotion strategies of these competitors.
Baseline
At baseline, the evaluation found that potential large-scale OFS suppliers refrained from
making large-scale investments due to significant barriers to market entry associated with
under-developed demand and undeveloped distribution systems. Instead, what little private
sector investment that existed at that point focused on low-risk strategies for market entry
such as sales through large donor- and non-profit-funded projects, which distributed
subsidised devices to farmers. Likewise, there was virtually no commercial supply of OFS
products to farmers. Most farmers stored their maize in polypropylene or sisal bags using
methods such as dusting with pesticides, fumigation, or organic options like chili powder and
ash.
Hypotheses
We hypothesized that the AgResults incentive would spur OFS suppliers (competitors) to
invest in development of demand and distribution systems for their OFS product. We
hypothesized they would refine products to fit the needs of smallholder farmers and
AgResults competition parameters (containers were limited to a 540 kg capacity and had to
be LGB-proof to qualify in the Eastern region). We expected that firms would market OFS
through two primary channels—direct sales through farmers’ organisations and sales
through commercial distributors of agro-inputs and farm implements.
Endline
At endline, we observed that the most successful competitors made aggressive investments
to develop both demand and a distribution system for their improved OFS. Some also
refined their OFS solution to better fit the needs of their intended smallholder clientele and
the competitive demands of the market.
Nine companies participated as competitors in the project, with six making qualifying sales of
improved OFS, and three (Bell, A to Z, and Elite) achieving the threshold required to qualify
for prizes. These three companies had their product ready and registered for sale in Kenya
(or under review for registration) before the project began. They were commercial
enterprises with experience in developing private sector distribution systems. Two of them
received an additional boost with the payment of the milestone prizes. Most of the less
successful companies, on the other hand, suffered because they did not have their product
approved or they did not have the initial capital to invest.
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The broad lesson that emerges from the prize distribution is that awarding a mid-term prize
can advantage the firms that win that prize and strengthen their foothold. Given that
competitors tend to prefer early prizes, lowering the threshold requirement to win a mid-term
prize could help increase fairness by delivering resources not only to firms that had a head
start but also to promising but less-established firms that could invest the money and
become competitive later on. Here, we describe OFS suppliers’ strategies for innovation and
investment, sourcing and manufacturing of the OFS solutions, distribution, and marketing
and promotion.
Innovation, partnerships, and investment
Product innovation. Competitors developed or brought tailored products to the Kenya market
for improved OFS. Four—Bell, GrainPro, Elite, and Ekima—submitted existing OFS products
for the competition, while A to Z reported developing a new hermetic bag similar to those
already on the market as a result of the AgResults competition. Finally, two implementers
developed variations on existing products. These included Vestergaard with its pesticideinfused ZeroFly hermetic bag, and Kentainers with the plastic grain silo.
Partnerships. Competitors forged new partnerships to achieve their sales goals. Most of
these were informal partnerships (e.g., with the Ministry of Agriculture, donor-funded
projects, and charitable organisations like World Vision). Partners brought farmers together
into groups and forums in which the OFS suppliers could educate them on, and sell them,
their OFS products.
Some competitors forged partnerships with financial
groups, such as the Kenya Women’s Finance Trust
and savings and credit cooperative associations.
These were intended to both facilitate aggregation of
orders for OFS products and to provide financing for
their purchase. One competitor partnered with a
commercial distribution company to expand its
distribution network, but the relationship proved
untenable when the distribution company was
financially unable to provide credit to smallholder
farmers for OFS purchases.
Investment. AgResults competitors made
investments in several major areas:
•
•
•
•

Investments in manufacturing
A to Z built a manufacturing plant
for its AgroZ bag, specifically to
enable its participation in
AgResults (although also with
explicit plans to use the capacity
of the plant to produce these
bags for sale throughout East
Africa). Likewise, Elite reported
using the proceeds of its
US$750,000 milestone prize to
build a warehouse so that it
could reduce costs and increase
production capacity and quality
control by facilitating supervision
of the multi-layer bag assembly
process.

Tailoring OFS to the requirements of the
project.
Getting the products registered for sale to
smallholder farmers within Kenya.
Manufacturing.
Developing distribution systems including facilities (such as vehicles and
warehouses) and staff (such as agronomists and product promoters).

Market entry and scaling
Sourcing. Competitors used diverse strategies to source their OFS products, and several of
them invested substantially in manufacturing or sourcing. Several competitors—PICS, Bell,
and Ekima—either sourced from existing facilities or contracted production to Kenya-based
suppliers. There were significant investments in machinery for manufacturing and
assembly—the two largest implementers invested nearly US$1 million combined.
Meanwhile, two of the smaller competitors—Elite and AFMA—sourced bag components
from various suppliers until they found a mix of quality and cost that they perceived to be
viable and assembled the bags using contracted labour. Finally, Vestergaard imported their
bags from a facility in Vietnam.
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Distribution. Distribution strategies were key points of competitive advantage for the most
successful competitors. Competitors relied on some combination of three types of
distributors. First were distributors (which we refer to as ‘promoters’) contracted by
competitors to sell OFS products on their behalf. Second were independent distributors such
as agrodealers, agricultural equipment dealers, and hardware stores. Third were non-profit
organisations, such as farmer associations, cooperatives, community-based organisations,
NGOs, and community development projects, which could help to provide finance and also
aggregate and coordinate deliveries. The relative importance of different distribution
channels is discussed in Section 4.1.3 on market structure.
In general, the three most successful implementers worked through agrodealers and
promoters as their primary means of distribution. In contrast, competitors working with
products other than bags—Ekima with metal silos and Kentainers with plastic silos—had to
forge distinctly different distribution systems due to the bulky nature of their product, which
could not be easily stocked in the typical, small-footprint Kenyan agrodealer shop. Price may
have also been a factor, as the non-bag containers were relatively more expensive
(thousands of Kenyan shillings per unit compared to hundreds of shillings). Kentainers found
that distributing plastic silos through the equipment distributors that they used for their other
agricultural equipment and water tanks led to farmers not receiving adequate training to use
them properly. Eventually, they began to sell through organisations such as the Kenya
Women’s Farmers Trust, which took orders and provided financing, after which Kentainers
directly delivered the product to purchasers.
Distributor incentives. Distributor incentives were a key point of differentiation between the
competitors and were broadly observed by competitors and distributors alike to play a major
role in advancing the expansion of specific brands. One of the most consistent distributor
incentives was the provision of in-kind credit, although competitors increasingly restricted
this after initial high rates of default. This was unexpected to competitors and was often
related to distributors’ not making sales in the timeframe in which credit was agreed to be
resolved. Competitors responded by restricting credit to firms that had developed a good
relationship and performance record with the competitor. Also, several competitors reported
that they lacked operating capital to provide credit. Some competitors provided direct
incentives to salespeople—for example A to Z offered an incentive of 10 Ksh per bag to
each retail salesperson who could provide a record of the purchasing farmer. This motivated
retailers to recommend AgroZ bags over others.
Demand creation and promotion. Marketing and promotion played a critical role in
competitors’ penetration of the smallholder market. Competitors used means such as ‘road
shows’, radio advertisements, and promotional items to raise awareness of their products.
The typical marketing roll-out began with road shows to create interest and then relied on
distributors to continue to raise awareness and sell to farmers. Distributors reported that they
commonly promoted the bags as offering cost and health benefits by not requiring the use of
chemicals to store maize. As the products made inroads into rural areas, word of mouth
became a more common way that farmers learned of the products. While numerous
suppliers used promotional items such as caps and calendars to promote their products (or
reward purchases), A to Z was credited with a particularly effective promotional strategy
during the final year of the competition—giving a free polypropylene bag with each hermetic
bag purchased, enabling farmers to transfer maize to buyers without losing the improved
bag it was stored in. This also reflected an in-kind financial benefit given that new
polypropylene bags can cost 30 to 50 Ksh each.
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Product differentiation. Competitors leveraged the
products’ different characteristics to gain a
competitive foothold against their competitors’
products. Areas of differentiation included storage
capacity (50 to 540 kg), number of layers that each
bag had (one to three), the material’s composition
(type, thickness, and plasticity of the material), and
the closure system. Distributors played a key role in
communicating the differentiation between products,
as farmers often based their purchase decisions on
distributor recommendations.
Training on product use. Distributors reported
providing comprehensive guidance to farmers on how
to use the products. This training included advice on
preparing the product for storage, loading the
product, closing and sealing the container, and
proper places to store containers.

Product differentiation
Competitors and distributors
came up with creative ways to
differentiate similar products in
the market. An agrodealer with a
particular interest in promoting a
PICS bag might point out that it
had multiple layers and thus was
clearly superior to the AgroZ bag
with only two layers, whereas an
agrodealer hoping to sell an
AgroZ bag might explain that the
fact that it had only two layers
was evidence that it was made of
higher quality material and
consequently superior to a bag
with three layers.

Pricing strategies. Pricing competition played an
important, but not definitive, role, in competitors’ success. Several mentioned that they
initially had an informal agreement to keep retail pricing of bags stable at 250 Ksh, although
this agreement was not sustained because suppliers could not control distributors’ pricing.
Also, some suppliers came in after the agreement was made and pursued primarily costbased strategies. For example, Elite competed heavily on price (selling its 105 kg bag for as
low as 190 Ksh retail), while A to Z consistently sold at 250 Ksh retail for its 100 kg bag.
Despite this, A to Z had strong performance particularly in the final year of the project.
4.1.3 Structure of the OFS market
By endline, the structure of the OFS market had evolved from two types of improved OFS
products and virtually no commercial distribution system, to six brands selling similar but
differentiated OFS products, with three front-runners in the market. Commercial distribution
channels dominated, with OFS supplier-employed distributors and organisations playing a
lesser role in distribution.
Baseline
At baseline, only two different types of improved OFS products were available in the Kenya
market: artisan-produced metal silos and GrainPro and PICS hermetically sealed plastic
bags. There were three primary distribution channels—the most important was distribution to
farmers through non-profit entities, followed by direct sales to farmers, followed by sales
through commercial distributors.
Hypotheses
We hypothesized that AgResults would catalyse the emergence of smallholder-inclusive
markets for OFS products. We anticipated that these markets would be structured primarily
around commercial distributors (such as agrodealers) and farmer organisations.
Endline
Our overarching hypothesis—that OFS suppliers’ investments in distribution systems would
lead to emergence of large-volume market channels reaching large numbers of smallholder
farmers—was largely borne out, despite some unexpected results in terms of the nature of
the distribution channels.
At the project’s conclusion, the supply of improved OFS was dominated by three firms that
were the front-runners in the AgResults competition. These firms—Bell, A to Z, and Elite—
were together responsible for 93% of improved OFS capacity sold by the project’s end with
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A to Z alone responsible for 46% of capacity sold in the final year of the project.10 Three
additional AgResults competitors—AFMA, Vestergaard, and Kentainers—made a
substantially lower volume of sales overall (accounting for only 7% of AgResults-qualifying
sales in the project’s final year), but were nonetheless active in the market at the time of our
endline data collection. Finally, three firms that were accepted to AgResults failed to make
any qualifying sales. Two of these firms (GrainPro and Ekima) were active in Kenya prior to
AgResults and have continued to sell through non-commercial channels.
Distribution channels. Monitoring data collected by the project on OFS sales show three
major distribution channels.11 As shown in Exhibit 4-1, far and away the largest channel was
independent distributors such as agrodealers, farmer service centres, and agricultural
equipment suppliers. These were responsible for 79% and 78% of improved OFS units sold
in Eastern and Rift Valley, respectively. Second largest was promoters that marketed
improved OFS directly on behalf of competitors, and non-profit organisations such as
development-oriented non-governmental organisations and farmer associations were a
distant third.
Exhibit 4-1.

Distribution channels for improved OFS by number of units sold
Independent distributors

Promoters

Non-profit organisations

Eastern

79%

19%

2%

Rift Valley

78%

20%

1%

Source: AgResults monitoring data.
Note: Percentages do not add to 100 due to rounding.

4.1.4 Performance of the OFS market
At endline, the market for improved OFS had made the transition from a ‘missing market’ to
a rapidly expanding and smallholder-inclusive emerging market that was notable in its high
rates of uptake among female-headed households, though it showed lower rates of uptake
among poor households.
Baseline
At baseline, the market for improved OFS was a characteristic ‘missing market’ in that latent
or potential demand existed for OFS without corresponding commercial availability to meet
that demand. This missing market persisted despite indications that the potential market size
for the product would be enough to sustain substantial commercial activity.
Hypotheses
We hypothesized that, given the existence of unmet commercial demand for OFS and the
willingness of commercial OFS suppliers to invest in the market, a viable, smallholderinclusive commercial market for OFS was likely to emerge over the course of AgResults. We
also hypothesized, however, that supply of, demand for, and even benefits of using OFS

10

Monitoring data referenced in this section refer to self-reported sales by AgResults competitors,
which provided sales and distribution data including buyers, numbers and types of units sold,
prices, and returns as part of their data sharing agreement with AgResults. The data were
independently audited by Ernst and Young under contract with the AgResults Secretariat.

11

It should be noted that the monitoring data reported only the first point of sale from the AgResults
competitor, and does not account for the possibility of re-sales following that first point of
distribution. For example, if an independent distributor (e.g., agrodealer retailer or wholesaler)
obtained improved OFS directly from an AgResults competitor, those sales would be counted in
the monitoring data. If a portion of those products were then sold to an organisation that re-sold
them to its constituent farmers, then that node in the marketing channel would not be represented
in the data.

Abt Associates

AgResults Final Evaluation Report –
Kenya On-Farm Storage Challenge Project

December 2019 ▌23

products might vary widely across smallholder farmers given the fact that smallholder
farmers are, by nature, diverse. In particular we hypothesized that there could be genderdifferentiated patterns of awareness, uptake, and benefits of OFS; as well as differential
impacts for poor versus non-poor smallholder farmers.
Endline
By endline, according to the data gathered by a third party verifier hired by the AgResults
Secretariat, market penetration of 22% in Eastern and 10% in Rift Valley was achieved
(AgResults, 2019). (Note that the market penetration rate differs from the adoption rate
estimated by this evaluation because the evaluation sample was not meant to be
representative of the entire region.) Competitors had made substantial investments to
develop farmer demand as well as their own distribution systems. The result is an emergent,
potentially sustainable private sector market for improved OFS in Kenya. Market
performance with regard to certain subgroups was more mixed, with households that
qualified as ‘very poor’ being less likely to have purchased an OFS device than other
households. We discuss further the differentiated impacts across subgroups in our
discussion of adoption in Section 4.2.

4.2

Evaluation Question 2: Technology adoption

Key findings
The evaluation found that AgResults likely contributed to a 23 percentage point
increase in adoption in the Eastern region above what the evaluation team projects
would have happened in the absence of the project. In Rift Valley, the project likely
contributed to a six percentage point increase in adoption above what we project
would have happened in its absence.
In this section, we estimate the project’s impact on uptake, or adoption, of improved OFS by
Kenyan smallholder farmers—this is one of the project’s primary hypothesized outcomes.
Then, we describe the ways adopters used their devices and what they used them for. We
also describe their knowledge of proper use as a proxy for whether they are using their
devices correctly.
4.2.1 Impact on adoption
As described in Section 2, the evaluation team assessed adoption using an interrupted time
series model. The results are shown below for the Eastern and Rift Valley regions
separately.
Eastern
In Exhibit 4-2, the orange bars represent the actual level of adoption among the Eastern
region survey sample. In the year just before the project began, 3% of households reported
having adopted any of the technologies. By 2017, the last year of the project, 28% reported
having adopted. The brown line represents the trend in adoption based on pre-project years;
in other words, it estimates what would have happened to the trend in adoption in the
project’s absence. The slope of the pre-intervention trend tells us that before the project was
initiated, adoption was increasing by an average of 0.7 percentage points per year, and that
if that trend had continued, the level of adoption in the Eastern region would have been
about 5% by 2017. The green line in the exhibit represents the regression-adjusted postproject time trend. It aligns closely with the actual levels of adoption as reported by our
sample of smallholder farmers. The slope of the post-intervention trend is 9.8 percentage
points per year.
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Exhibit 4-2.

Improved OFS adoption (Eastern)
28%

30%
25%
18%

20%
15%
10%
5%

7%
1%

1%

2%

2011

2012

2013

3%
2014

4%

5%

2016

2017

4%

0%

2015

Actual mean
Regression-adjusted pre-intervention trend time series
Regression-adjusted post-intervention trend time series
Projected using pre-intervention trend
Source: Analysis of AgResults Kenya Baseline Phase 1 Survey, 2014; Baseline Phase 2 Survey, 2015; and
Endline Survey, 2018.
Note: The slope of the green line is 10.5, whereas the slope of the brown line is 0.7. The difference, indicating an
increase in adoption rates of 9.8 percentage points a year, is statistically significant (p < .01). Annex B provides
details on the regression specification. Sample sizes are 3,590 for years 2011, 2012, 2013 and 3,596 for years
2014, 2015, 2016, 2017.

A comparison of the pre- and post-intervention trends in adoption indicates a statistically
significant (at the 1% level) increase in adoption in every year after the start of AgResults.
Since the 2017 level of adoption was 28% and our analysis predicts that adoption would
have been 5% without the project, we conclude that AgResults likely contributed to a 23
percentage point increase in adoption in the Eastern region (plus or minus 2 percentage
points12).
Rift Valley
In Rift Valley, the adoption story is similar, but overall rates were much lower. In pre-project
years, adoption went from less than 1% in 2011 to about 1% in 2012 to 1.5% in 2013 and
2014. Based on the pre-intervention time trend, the expected adoption rate in 2017 was
3.9%. The actual adoption rate was 10%, which also aligns with the regression-adjusted
rate. Based on this, the evaluation team concludes that the project likely contributed to a six
percentage point increase in adoption in Rift Valley (plus or minus six percentage points13).

12

95% confidence interval.

13

95% confidence interval.
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Exhibit 4-3.

Improved OFS adoption (Rift Valley)

30.0%
25.0%
20.0%
15.0%

10%

10.0%

6%

5.0%

1%

2%

1%

2%

2%

3%
2015

0.0%
2011

2012

2013

2014

3%

4%

2016

2017

Actual mean
Regression-adjusted pre-intervention trend time series
Regression-adjusted post-intervention trend time series
Projected using pre-intervention trend
Source: Analysis of AgResults Kenya Baseline Phase 1 Survey, 2014; Baseline Phase 2 Survey, 2015; and
Endline Survey, 2018.
Note: Many factors vary over time including the composition of the sampled farmers and weather. Regression
estimates suggest that time has virtually no impact on adoption in the pre-period (a coefficient of 0.0), and an
impact of 4.2 percentage points per year in the post-period. The difference, indicating an increase in adoption
rates of 4.2 percentage points a year, is statistically significant (p < .01). Annex B provides details on the
regression specification. Sample sizes are 470 for years 2011, 2012, 2013 and 472 for years 2014, 2015, 2016,
2017.

Given the robust rates of adoption, it is not surprising that awareness of improved OFS
technologies was also quite high at endline compared to baseline. In the Eastern region,
farmers were 55 percentage points more likely to be aware of improved OFS at endline than
they were at baseline, and in Rift Valley farmer awareness had increased by 35 percentage
points (both significant at the 1% level). In addition, many farmers also became aware of at
least one specific place where they could get an improved OFS device. The proportion of
farmers who could name a place they could access OFS went up by 44 percentage points in
Eastern and 21 percentage points in Rift Valley (both significant at the 1% level). Details are
shown in Exhibit 4-4.
Exhibit 4-4.

Smallholder awareness of improved OFS
Eastern

Rift Valley

Endline
(2017)

Baseline
(2014)

Difference

Endline
(2017)

Baseline
(2014)

Difference

Aware of any OFS technology

72.3%

18.1%

54.6%***

36.6%

3.5%

34.8%***

Aware of at least one place where
one can get OFS technology

61.2%

17.3%

43.9%***

23.3%

3.5%

20.8%***

Source: Analysis of AgResults Kenya Baseline Phase 2 Survey, 2015, and Endline Survey, 2018.
*/**/*** Indicates p < .10, .05, and .01 respectively, where the p-value is obtained from an F-test of the difference
variable, taking into account the sampling strategy of villages as primary sampling units.

The evaluation’s qualitative research with farmers and distributors revealed that farmers
commonly learned about improved OFS through radio advertisements, which were often in
local languages. Farmers also learned about OFS from farmer trainings and from seeing
products at commercial distributors such as agrodealers. Having learned about the existence
of the products, and with their interest piqued, they would often seek the products out.
Farmers sought to obtain OFS products either from road shows (which OFS suppliers used
more frequently in the earlier years of the AgResults competition) or from retailers or
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distributors. Word of mouth became increasingly important as a means of spreading
awareness of improved OFS as AgResults proceeded.
Testing before investing
Farmers typically said they
purchased one or two
hermetic bags to experiment
with them before deciding
whether to purchase more.
A typical household in
Eastern would need three to
four bags to store all maize
harvested during the long
rainy season, while a Rift
Valley household would
need 8 to 12 bags, based on
maize production levels
reported at baseline (Abt
Associates, 2015).

Some farmers bought immediately after learning about
improved OFS. For example, one female farmer in
Eastern said ‘I bought immediately after the shopkeeper
told me about the bag. The shopkeeper sells chemicals to
treat maize before storing; I had gone to buy but then he
explained to me about the new bags. He assured me they
are good as he was using them, too’. Others waited
between learning about them and eventually getting more
information and deciding to try the products. For example,
another respondent told us she waited two or three
months before purchasing, saying ‘I waited to see if
another farmer has bought it and if it worked without
treating the maize’.

In some cases, farmers expressed interest in purchasing
improved OFS devices but said they were not available
locally. A male farmer in Rift Valley mentioned
transportation costs as a limiting factor: ‘Farmers here
want the bags, too, but they are not available. You mentioned they are available in [regional
Kenya Farmers Association office], but to go there by motorbike and come back is Ksh 500’.
In other cases, farmers expressed a lack of financial means to purchase improved OFS
devices or said that they needed to wait until they had a better harvest.
Farmers typically learned about improved OFS options from radio advertisements and
tended to retain the concept (of hermetic storage and its benefits) from the advertisements.
Very commonly, however, they did not remember the brand name of the device that was
being advertised. Thus, radio advertisements even from specific OFS suppliers in some
respects served more as a form of generic awareness creation than as promotion of their
own brand.
Following their first awareness, farmer preferences for improved OFS options—particularly
among the bags, which were the most broadly known option—were heavily influenced by the
recommendations of the distributors from whom they source them. This indicates that
competitors’ incentives to their distributors are likely key drivers of uptake, as mentioned in
Section 4.1.2. Our qualitative inquiries with farmers, however, did reveal that most farmers
only had one brand available when they made their first purchase or that they simply took
the option (usually PICS) that the distributor (usually an agrodealer) provided them with.
Hermetically sealed bags were by far the most widely adopted improved OFS products, as
discussed earlier in Section 4.1. There was little awareness or use of the hermetically sealed
silos—either plastic or metal. In general, silos were perceived to be a potentially strong
solution for more food-insecure farmers in the Eastern region. Silos are less vulnerable to
theft (because they can be locked), and portability is not a factor in those farmers’ choice
because they typically do not maintain stocks of grain to sell.
Perceived benefits
Our interviews with farmers revealed a range of perceived benefits, though common themes
emerged. One was that farmers saw the ability to reduce their use of pesticide dust as an
important benefit because of perceived health and safety concerns connected to pesticides.
Another was a perception that the technologies reduced post-harvest losses (see further
detail in Section 4.3.2). Several farmers mentioned that they perceived the flavour of maize
that was not preserved with pesticides to be better. Some farmers also mentioned cost
savings, which the evaluation team confirmed, though the savings were modest (see further
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A distaste for pesticides
Adopters commonly mentioned
preferring improved OFS over
pesticide dust as a means of
protecting grain from pests.
They gave several reasons for
this, including not liking the
taste of pesticide-treated grains,
suspicion of negative health
impacts of pesticides, and the
work involved in checking grain
and re-applying pesticides
periodically during storage.

information on pesticide use and costs in Section 4.3).
An unanticipated benefit that was cited was that maize
preserved in hermetic storage maintained its value
better as it did not ‘lose weight’ while in storage. In
other words, the hermetically sealed storage keeps
the grain from losing moisture, a benefit that
polypropylene bags do not offer. Another benefit cited
was labour savings associated with the ability to put
grains into the bag and leave them there, rather than
having to periodically treat and re-treat the grain (and
sift and sort it each time).

Gender- and poverty-differentiated findings
To assess the distributive performance of the market,
the evaluation team examined differences in adoption
rates by gender and poverty status. Using multivariate regression on a pooled data set from
both regions, we found that female-headed households’ rate of adoption was 3.7 percentage
points higher than that of male-headed households (29% compared to 26%). This difference
is statistically significant at the 5% level and was obtained from a model that simultaneously
controls for poverty status and all other household-level covariates used in the impact
analysis (see Exhibit B-1 in Annex B).
We also explored gender dynamics at the intra-household level during our qualitative farmer
interviews, and found a notable absence of friction within households regarding decisions to
purchase OFS, and roles, responsibilities, and rights around the OFS once it was
purchased. Interviewees who had adopted improved OFS consistently reported little
discussion or conflict at the household level around purchase, and considered it a small
expenditure overall. While men often purchased the improved OFS because of exposure
through an agrodealer or extension worker, women were almost entirely responsible for
preparing crops for storage and managing the grain during storage. This role did not change
with the improved OFS.
Many women, when asked about the benefits of the OFS, emphasised the reduced losses
that they perceived and not needing to use chemicals. Women also reported the labour
savings, and even emotional unburdening, that they experienced as a result of the improved
OFS. For example, a female farmer from Machakos County, who grew maize along with
other cash crops, said ‘Before, it was time consuming, as you had to keep on checking
whether the grains have been attacked by weevils. Now I can relax knowing that they are
safe’. Another agreed, ‘it is faster as there is no cleaning of the maize from the chemicals
that we previously applied to all of our maize’. Time and labour savings came from not
having to treat the grain with chemicals, a practice that most farmers repeat every few
months, typically after unpacking and re-cleaning the maize of any weevils or other insects
that might have proliferated during storage. Likewise, farmers did not have to wash and dry
the maize to cleanse it of the chemicals before milling it. This was illustrated by another
female farmer in Machakos, who produced only 1/8 of an acre of maize and retained it all for
her family’s consumption: ‘No monitoring with this bag. With polypropylene bags, I had to
clean and dry the maize before taking it to the posho [maize flour] mill’.
These results—the higher rates of uptake by female-headed households, the lack of friction
over decisions around uptake and use of improved OFS, and the qualitative reports of time
savings for people who manage food stores—suggest that AgResults did not have
unintended adverse consequences for women and may have benefitted them in
unanticipated ways.
We also assessed whether there were differential outcomes for very poor households
compared to not-very-poor households. Using the same multivariate regression model we
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used to study gender (i.e., controlling for region, gender, and all other household-level
covariates used in the impact analysis), we found significant differences in uptake among
very poor and not-very-poor households. Specifically, across our pooled sample, we found
that very poor households were 8.3 percentage points less likely to have adopted improved
OFS than those households that were not very poor (37 percentage points compared to 46
percentage points); these results were statistically significant at the 1% level. Based on our
qualitative interviews with farmers, distributors, and OFS suppliers, respondents reported
that factors limiting their uptake include inconsistent production of adequate quantities of
maize (or other grains) to necessitate storage, difficulty affording the product, and inability to
access the product despite knowing where it is available.
4.2.2 Characteristics of improved OFS use among adopters
In addition to collecting data on adoption itself, the evaluation team collected data on what
farmers did once they adopted improved OFS technologies. The purpose was to better
understand how improved OFS is used in practice, and if farmers learned sufficiently about
the technology to use it properly. We examined:
•

•

•

Whether farmers were trained in proper use of the device they purchased, and
whether women were trained. We learned that at least one member of most
adopting households (67% in Eastern and 90% in Rift Valley) received training. The
proportion of households with at least one female member who was trained was
lower (47% in Eastern and 49% in Rift Valley).
Farmers’ knowledge of proper use. In the Eastern region, the average knowledge
score was 54% (out of a possible score of 100%) among all households that reported
adopting any improved OFS technology. In Rift Valley, the average proportion of
correctly reported steps for proper use was still fairly low at 67%. These scores
indicate a gap in farmers’ understanding of proper OFS use in both regions. The
evaluation team hypothesizes that this gap in knowledge could lead to lower efficacy
of hermetic devices due to improper use, though the extent to which different types of
user errors affect device efficacy is outside of the evaluation’s scope.
What farmers stored in their OFS devices. In both regions, the vast majority (96%
in Eastern and 85% in Rift Valley) of smallholder farmers who adopted improved
OFS used it for storing grains from their own production. In the Eastern region,
adopters stored a variety of grain and pulse crops in improved OFS devices. Maize
was by far the most commonly stored product, stored by 87% of adopters. After
maize, beans were the second most commonly stored crop, with 36% of farmers
reporting they stored beans. In Rift Valley, 98% of adopters reported storing maize.

More details on the characteristics of improved OFS use among adopters are in Annex E.
4.2.3 Discussion
The evaluation found large increases in adoption of improved OFS over the course of the
AgResults challenge project. While the ITS design does not allow us to determine causal
attribution with certainty, the findings strongly suggest that the project led to growth in
adoption that was higher than what would have occurred in the project’s absence. The
magnitude of adoption was much higher in Eastern (28%) than Rift Valley (10%) in the
survey sample. The uptick in awareness was even more pronounced, such that nearly threequarters of the target beneficiary group in Eastern and more than a third in Rift Valley are
now aware of at least one improved OFS technology, and a majority of those who are aware
of the technology also know of at least one specific place they can obtain it. The evaluation
findings on adoption support the project’s logic model, which said that the prize would
catalyse an increase in sales of improved OFS to smallholder farmers.
Consistent with the evaluation’s earlier hypotheses, farmers largely used improved OFS to
store grain they had produced that they planned to consume. There were a couple of
exceptions: in Rift Valley in particular, some farmers (about a fifth) stored grain they had
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purchased, and just over a quarter of farmers in Eastern used improved OFS to store grain
they planned to sell. The most commonly stored crop in both regions was maize, reflecting
its status as Kenya’s staple food. In Eastern, where farmers tend to grow a wider variety of
crops (Abt Associates, 2015), adopters of OFS accordingly stored a more diverse mix of
crops such as beans, cowpeas, and green grams.

Evaluation Question 3: Smallholder farmers’ incomes

4.3

Key findings
The evaluation did not find an impact of the project on average maize revenue in
either Eastern or Rift Valley regions when comparing average maize revenue
before and after the project, controlling for time trends in the pre-project period.
However, a comparison of farmers who adopted OFS to a matched comparison
group of farmers who did not adopt OFS found that adoption led to a small (less than US$2)
increase in revenue from maize sales. The evaluation did not find a statistically significant
impact on the amount that smallholders spent on maize for consumption. The most
widespread smallholder benefit was reduction in use of pesticide: adoption caused a 36
percentage point reduction in a household’s propensity to use pesticide dust in the grain they
stored for consumption.
The evaluation assessed whether smallholder farmers benefited from adoption of improved
OFS through three expected avenues:
•
•
•

Increase in maize sales revenue
Reduced maize expenditure
Reduced use of pesticide dust.

Although the project’s theory of change posited that it would reduce households’ aflatoxin
intake, we did not assess this outcome because it was outside the scope of this evaluation.
Results are presented below.
4.3.1 Estimated impact on maize sales revenue
Improved OFS was hypothesized to enable farmers to store longer without fear of PHL
during storage. Since prices around harvest time tend to be the lowest, storing for longer
would, per the theory of change, enable farmers to earn a higher price in the market by
selling grain later. Looking across all sales reported by farmers in all surveys, the evaluation
team confirmed the suspected relationship between timing of sale and price. We found that
average prices increased 3.74 Ksh per kg for each additional month after harvest (inflationadjusted to 2010), equivalent to just under 10% of the average price per kg across all sales.
At the same time, average maize prices were steady or slightly decreased from 2011 to
2017. Therefore, any changes in revenue would have to occur due to changes in the amount
of maize sold, or in the timing of sales (right after harvest versus several months after
harvest).
The ITS analysis found no evidence of increased revenue after implementation of the
AgResults challenge project in either the Eastern or Rift Valley regions, as shown in Exhibit
4-5 (Eastern) and Exhibit 4-6 (Rift Valley). These results suggest that the influence of other
time-varying factors was significant, confounding our ability to estimate the project’s impact
on average maize revenue across all smallholder farmers.
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Annual maize sales revenue

Exhibit 4-5.

Maize revenue (Eastern)
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Source: Analysis of AgResults Kenya Baseline Phase 2 Survey, 2014, and AgResults Kenya Endline Survey,
2018.

Exhibit 4-6.

Maize revenue (Rift Valley)
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Source: Analysis of AgResults Kenya Baseline Phase 2 Survey, 2014, and AgResults Kenya Endline Survey,
2018.

In both regions, revenue rose steadily from 2011 to 2013, fell in 2014 and 2015, and then
rose substantially in 2016 before falling again in 2017. Revenues were consistently higher in
Rift Valley, reaching 19,000 Ksh in 2016, while the highest average revenue in Eastern, also
from 2016, was just over 3,200 Ksh. The reason for the pattern observed in both regions is
not immediately clear. Overall, maize production in Kenya rose in 2015 and then fell in both
2016 and 2017, while market prices for maize were steady in 2015 and 2016, rising slightly
in 2017, based on data from the Kenya National Bureau of Statistics (2018). The difference
in absolute levels of maize revenue is consistent with project assumptions that Rift Valley
farmers tend to produce and sell more owing to larger land sizes and greater commercial
orientation.
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While the project did not have a detectable impact on mean maize revenue across all
smallholder farmers, the results of the QED analysis comparing adopters with non-adopters
found a small but statistically significant impact of OFS adoption on maize revenue. Adoption
led to an increase in maize revenue of 169 Ksh, which is nearly US$2 (see Exhibit 4-7).14 If
we multiply the average increase in maize revenue by the total number of households
adopting improved OFS during the project, we calculate a total gain in revenue across all
adopting households of about 36,819,500 Ksh. This is equal to roughly US$368,195.
Exhibit 4-7.

Impact of adoption on maize sales, long rainy season (both regions)

Baseline (2014)

Difference
(20172014) in
difference
(adopters
- nonadopters)

Adopters
(D)

Nonadopters
(E)

Difference
(F=D-E)

Difference
(G=C-F)

Endline (2017)

Adopters
(A)

Nonadopters
(B)

Difference
(C=B-A)

Primary
outcome:
Household
revenue from
sales (in 2010
Ksh)

479

310

169***

427

426

1

169***

Household sold
any maize (%)

23.1

16.7

6.2***

19.9

21.2

-1.3

7.6***

Source: Analysis of AgResults Kenya Baseline Phase 2 Survey, 2015, and Endline Survey, 2018.
***/**/* indicate statistical significance levels p < .01, .05, .10, respectively. The p-value is obtained from
hypothesis tests on coefficients from a regression model with household random effects. See Annex B for details.
Notes: Columns A, B, D, and E are regression-adjusted means obtained by a regression controlling for baseline
covariates and household random effects. Sample sizes for each of these outcomes are 1,540 and 1,554 (top to
bottom, respectively) with equal numbers in the treatment and comparison groups.
Mean temperature excluded as covariate in order to obtain regression model convergence; see Annex B for
details on the regression model.

The evaluation team posits a number of reasons to explain the fairly small estimated impact
of improved OFS adoption on revenue. One factor is that, as the survey data show,
households tend not to sell their maize. The proportion of farmers who sold any maize at all
in any year was low, especially given the project’s assumption that maize sales play an
important role in farmers’ economic lives. The difference-in-differences estimate shows
adoption led to a 7.6 percentage point increase in the likelihood of selling any maize,
significant at the 1% level. However, the proportion of adopters who sold at endline was still
only 23%, meaning more than three-quarters of farmers who grew maize did not do so for
sale but rather for home consumption. Our qualitative enquiries also confirmed that
households used OFS largely for consumption purposes.15

14

The impact of adoption on revenue (169 Ksh) was estimated from the matched sample, which in
general is composed of poorer households with less land than the general set of all adopters
because wealthier households with more land were not well-matched.

15

Findings on the proportion of farmers who sold maize are also largely consistent with secondary
data and reports the evaluation team reviewed. For example, a panel survey of farmers in and
around Rift Valley (plus one Eastern county) found that 35% of households in 1996/97 and 49%
of households in 2006/07 reported selling any maize—in line with our findings in Rift Valley,
where we calculated that 41% of households sold maize at baseline (Kirimi et al., 2011). This is
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In addition to assessing maize revenue, the evaluation team compared the costs associated
with maize storage for adopters and non-adopters. Specifically, we estimated the difference
in the total cost of pesticides each year as well as the annualized cost of containers (both
improved and non-improved).16 Unsurprisingly, the adopters spent 213 Ksh (just over US$2)
less each year on pesticide dust (significant at the 1% level). (See Section 4.3.2 for
additional analysis on pesticide dust use.) Farmers’ annual spending on containers,
however, was on average 96 Ksh (just under US$1) higher than spending by non-adopters
(also significant at the 1% level). These results are shown in Exhibit 4-8.
In order to estimate a total monetary impact at the household level, the evaluation team
estimated the combined effect of adoption on revenue net of costs for containers, pesticide
dust, and maize purchased for consumption (the latter of these is discussed further in
Section 4.3.2). The difference of 301 Ksh (about US$3) was not statistically significant.

also consistent with an FAO report (FAO, 2014) indicating that 90% of smallholders in two
Kenyan counties listed own consumption as their primary maize production objective.
16

Data for these estimates came largely from the baseline and endline surveys, with the exception
of pesticide prices, which was not collected. To calculate the cost of pesticides, the evaluation
team used data on the amount of pesticides applied as reported in the surveys and multiplied it by
data gathered separately through phone interviews with six agrodealers in the project’s operating
region conducted in October 2019. These cost data were then adjusted for inflation. The
annualized cost of containers takes into account the price and number of containers owned, as
reported in the surveys, and adjusts this figure based on the estimated useful life of both
improved and non-improved containers.
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Exhibit 4-8.

Impact of adoption on maize revenue net of costs (both regions)

Endline (2017)

Difference
(20172014) in
difference
(adopters
- nonadopters)

Baseline (2014)

Adopters
(A)

Nonadopters
(B)

Difference
(C=B-A)

Adopters
(D)

Nonadopters
(E)

Difference
(F=DE)

Difference
(G=C-F)

-1,135

-1628

493**

-2,172

-2,364

192

301

Cost of pesticides
used in stored grain
(2010 Ksh)

104

304

-200***

461

447

14

-213***

Annualized cost of
containers (2010 Ksh)

189

69

120***

75

61

14

96***

Maize revenue net of
costs for container,
pesticide, and
purchased maize for
consumption (2010
Ksh)

Source: Analysis of AgResults Kenya Baseline Phase 1 Survey, 2014; Baseline Phase 2 Survey, 2015;
and Endline Survey, 2018.
***/**/* indicate statistical significance levels p < .01, .05, .10, respectively. The p-value is obtained from
hypothesis tests on coefficients from a regression model with household random effects. See Annex B for
details.
Notes: Columns A, B, D, and E are regression-adjusted means obtained by a regression controlling for baseline
covariates and household random effects. Sample sizes for each of these outcomes are 708, 986, and 1,416 (top
to bottom, respectively).
Mean temperature excluded as covariate in order to obtain regression model convergence (see Annex B for
details on the regression model.
CEM bin fixed effects excluded as covariates in order to obtain regression model convergence.

4.3.2 Estimated impacts of adoption on food security and use of pesticide dust
AgResults stakeholders expected improved food security as measured by reduction in
expenditure on maize as the main benefit of the project. Likewise, in the evaluation team’s
early research, one main hypothesis developed by the evaluation team was that the project’s
main impact might be on food security rather than increased income from selling when
prices were better. The team developed this hypothesis given farmers’ stated reasons for
selling maize at a given time (largely, that they needed cash at that time for a specific
purpose). The primary food security outcome the evaluation assessed was the household’s
expenditure on maize for consumption during the past year. The regression-adjusted
average expenditure on maize for consumption is lower for OFS adopters than nonadopters, but the difference is not statistically significant, as shown in Exhibit 4-9. Similarly,
the evaluation did not find an impact of adoption on the amount of maize purchased for
consumption. However, our analysis did find that adoption led to a six percentage point
decrease in the likelihood that a household purchased any maize for consumption at all in
the past year, significant at the 10% level.
Given the inconclusive evidence of an impact of adoption on the amount spent on maize for
consumption, the evaluation team analysed data on PHL itself. That is, based on farmers’
self-reporting, did adopting improved OFS make them less likely to experience loss or
spoilage of maize during storage? The result, shown in Exhibit 4-9, was that adoption did
lead to a 6.7 percentage point decrease in the proportion of farmers who lost any maize
during storage. It is possible that households that lost maize adjusted by consuming less,
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which would negatively impact household’s food security. The evaluation did not directly
measure consumption of maize.
Because losses were reported by a minority of farmers regardless of whether they adopted
improved OFS or not, the evaluation team hypothesizes that farmers had already been
preventing losses to a significant extent using other methods, such as pesticide dust.
Results confirm that non-adopters used pesticide dust to prevent insect infestation in much
higher proportion than adopters: adoption caused a 35.8 percentage point reduction in a
household’s propensity to use pesticide dust in the grain they stored for consumption,
significant at the 1% level. The size of this impact is striking, and we discuss it further in
Section 4.3.4. It is notable that while adopters reduced their use of pesticide, they did not
report a significant change in loss of grain (0.5 percentage point reduction) indicating that
pesticide dust was an effective mitigation strategy.
Exhibit 4-9.

Impact of adoption on food security (both regions)
Endline (2017)

Primary
outcome:
Amount spent on
maize for
consumption
during the past
12 months (2010
Ksh)b
Amount of maize
purchased for
consumption
during the past
12 months (kg)
Household
purchased any
maize for
consumption
during the past
12 months (%)
Household
reported loss or
spoilage of any
maize during
storage (%)
Household used
any pesticides in
grain stored for
consumption

Difference (20172014) in difference
(adopters - nonadopters)

Baseline (2014)

Adopters
(A)

Nonadopters
(B)

Difference
(C=B-A)

Adopters
(D)

Nonadopters
(E)

Difference
(F=D-E)

Difference (G=C-F)

1,353

1,646

-292

2,016

2,125

-108

-183

72.4

80.5

-8.1

97.5

92.7

4.7

-12.9

43.3

49.3

-6.0

40.7

40.2

0.0

-6.4*

9.2

15.4

-6.2***

16.8

16.3

0.5

-6.7**

20.7

56.5

-35.8***

75.8

75.7

0.0

-35.8***

Source: Analysis of AgResults Kenya Baseline Phase 1 Survey, 2014; Baseline Phase 2 Survey, 2015; and
Endline Survey, 2018.
***/**/* indicate statistical significance levels p < .01, .05, .10, respectively. The p-value is obtained from
hypothesis tests on coefficients from a regression model with household random effects. See Annex B for details.
Notes: Columns A, B, D, and E are regression-adjusted means obtained by a regression controlling for baseline
covariates and household random effects. Sample sizes for each of these outcomes are 1,004, 1,302, 1,000,
1,680, 1,006 (top to bottom, respectively).
Mean temperature excluded as covariate in order to obtain regression model convergence (see Annex B for
details on the regression model.
CEM bin fixed effects excluded as covariates in order to obtain regression model convergence.
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4.3.3 Estimated impact of adoption on yield
As an exploratory analysis, the evaluation team estimated potential impacts of adoption on
maize yield because of evidence in the literature showing a relationship between storage
and use of hybrid maize seed. Ricker-Gilbert and Jones (2015) explored the relationship
between access to storage technologies and use of hybrid maize among smallholder
farmers in Malawi because hybrid maize is known to be more susceptible to pest damage
during storage than traditional maize varieties. They found that when farmers received
subsidies for maize storage chemicals, their adoption of improved maize varieties increased,
which has an impact on yields. The evaluation did not find a statistically significant impact of
adoption on maize yield, however (see Exhibit 4-10).
Exhibit 4-10. Impact of adoption on maize yield, long rainy season (both regions)
Endline (2017)

Maize
yield
(kg/ha)

Baseline (2014)

Difference (2017-2014) in
difference (adopters non-adopters)

Adopters
(A)

Nonadopters
(B)

Difference
(C=B-A)

Adopters
(D)

Nonadopters
(E)

Difference
(F=D-E)

Difference (G=C-F)

984

900

83.8*

587

567

20.5

63.4

Source: Analysis of AgResults Kenya Baseline Phase 1 Survey, 2014; Baseline Phase 2 Survey, 2015; and
Endline Survey, 2018.
***/**/* indicate statistical significance levels p < .01, .05, .10, respectively. The p-value is obtained from
hypothesis tests on coefficients from a regression model with household random effects. See Annex B for details.
Notes: Columns A, B, D, and E are regression-adjusted means obtained by a regression controlling for baseline
covariates and household random effects. The sample size is 1,394, with equal numbers for the treatment and
comparison groups.
CEM bin fixed effects excluded as covariates in order to obtain regression model convergence.

4.3.4 Discussion
While there is no evidence that the project increased mean maize revenue among all
smallholder farmers, smallholder farmers who adopted OFS increased maize sales revenue
by almost US$2. This impact is very small in magnitude, and thus did not generate average
increases in maize sales detectable in the full sample of smallholders who either did or did
not adopt OFS. Furthermore, the impact on net revenue (sales revenue net of expenditures
on storage and maize purchased for consumption) was not statistically significant.
One probable reason the impact on adopters was small is that, as discussed in Annex E,
farmers tend to store maize they intend to consume in improved OFS and do not tend to
store maize they plan to sell. Another reason is the low proportion of farmers who sell maize
at all. The project’s business plan did not take this into account, implicitly assuming that
maize farming was more sales-oriented. Finally, among farmers who did sell maize, the
primary reason for making a particular sale at a particular time was usually a need for cash.
The project was therefore unable to influence farmers’ selling behaviour because the drivers
of sale were outside of the project’s scope.
The evaluation did not find an impact of adoption on maize consumption expenditure.
Instead, we found a substantial, statistically significant reduction in the use of pesticides in
stored grain.
This body of findings has led the evaluation team to several general conclusions about the
project and its influence. First, since adoption increased substantially overall, we conclude
that smallholder farmers identified improved OFS as a beneficial technology that offered
them a value proposition that outweighed the sale price of most of the devices. The nature of
those benefits seems to differ somewhat from those expected by the project’s designers.
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First, farmers buy primarily to store grain for consumption, not grain they plan to sell. By the
start of the project, it was clear from qualitative research that farmers timed their sales
according largely to cash need, rather than to the market. Strikingly, farmer behaviour in this
regard did not seem to change with the adoption of improved OFS. This may be partly
because the amount of losses they faced, at least as self-reported, did not change much
with improved OFS adoption.
Farmer behaviour also suggests that farmers may not be aiming to maximise profit from
maize sales but rather to keep maize as an illiquid asset that can be sold when the need for
cash arises. This explanation is consistent with literature on financial behaviour of poor
households, which tells us that in some circumstances it is less desirable to have cash on
hand because it is hard to save at home; for example, because cash attracts unwanted
attention from family members, friends, and neighbours and can be squandered on
‘temptation goods’ such as alcohol or other non-essentials before it can be invested in things
like education (see, for example, Dupas and Robinson, 2013). Other studies have shown
that farmers have difficulty timing the market because their most significant cash needs,
such as school fees, tend to arise around harvest time (for example, Burke, Bergquist, and
Miguel, 2017). Stephens and Barrett (2011) found that farmers were essentially using the
maize market as a lender of last resort, selling at harvest when prices were low and buying
for consumption at higher prices, because of a need for cash at harvest time and a lack of
access to credit. In other words, smallholder farmer behaviour regarding maize sale timing
seems to be driven largely by factors the project did not seek to influence.
When it comes to consumption, the most prominent benefit identified by smallholder farmers
is that improved OFS devices obviate the need to use pesticide dust. The Project Manager
also noted in its final report that ‘the overriding motivation for adopting [improved OFS
devices] seemed to be because the devices are pesticide-free’ (Tanager, 2018). In fact, the
evaluation team even heard reports that smallholder farmers began referring to improved
OFS as ‘the bags that don’t require pesticides’, in an indication of how closely these
technologies were identified with that particular benefit. (One important qualifier is that while
farmers perceive pesticides to carry health risks, the evaluation team is not aware of
evidence of negative health impacts unless very high quantities are consumed. Still, some
risk may exist because some pesticides on the market are likely counterfeit and farmers may
not always use the dust correctly.) Given that farmers seemed to be substituting improved
OFS for pesticide dust, it is not surprising that the evaluation did not find a reduction in
maize consumption expenditure, because households were previously mitigating against
storage losses by using pesticide dust.

4.4

Evaluation Question 5: Sustainability

Key findings
There is strong potential for the market for improved OFS in Kenya to be sustained
over the medium and long term. Both supply and demand have developed to a
point where it is profitable for OFS suppliers to continue engaging in the market
after the prize competition’s end, and many reported specific intentions to do so.
Potential threats to sustainability include a deterioration in product quality and the
encroachment of non-market distribution such as donor- or government-funded distribution
schemes.
The evaluation defines sustainability in the AgResults context as the continued functioning of
the private sector market as the primary venue for distribution of a technology. Sustainability
will depend on whether market developments that have been stimulated by the project will
continue following cessation of the prize incentives; that is, whether the preconditions for a
sustainable market have been established or not.
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4.4.1 Supply
The evaluation team’s findings suggest strong potential for the market for improved OFS in
Kenya to be sustained over the medium and long term. As reported in Section 4.1, the
AgResults competition motivated potential suppliers of improved OFS to invest to overcome
significant barriers to entry in the market for improved OFS. This investment positions them
to continue to serve the market.
Furthermore, AgResults competitors themselves reported specific intentions to continue to
supply the market for improved OFS, not only to the geographic markets targeted by
AgResults but also other geographies (such as the Coastal region) and other East African
countries. At endline, some competitors were already serving these markets or were taking
specific steps to make inroads into them.
It is notable that the intent to continue in the market is
apparent not only for the top three contenders but also
for several of the less successful competitors. One of
the less successful competitors reported recent
partnerships they had developed to continue to address
their distribution challenges. Likewise, another
competitor that also struggled to make significant sales
during the AgResults awards period reported, ‘We are
not doing it for AgResults, we are doing it for the long
term. … For us, if it is not sustainable, we don't consider
it’. Indeed, this company had already registered and
was beginning to promote its product in numerous East
African countries.

An attractive market
Firms that earned substantial
prizes intend to continue to
sell improved OFS, and so
do firms that lagged behind
during the competition. If
they follow through on this
intention, that will indicate
the market has become
attractive even after the prize
incentive has been removed.

While there are clear indications of sustainable supply of improved OFS, a few caveats are
in order. First, it is highly likely that improved OFS suppliers—former AgResults
competitors—will undertake some restructuring of their distribution channels. It is possible
that they will pull back some from investments in low-performing markets, which may mean
that the smallholder market as identified in Section 4.1 may see less availability than during
AgResults. Improved OFS suppliers do intend to continue to work with independent retailers
such as agrodealers for distribution of their products (at least hermetic bags, as the plastic
silos have different distribution requirements). However, several of them discussed shifting
the focus of their distribution systems to target agrodealers at different levels of the
marketing chain. For example, they may work with agrodealer distributors that are further
upstream in the value chain and allow these distributors to promote the products among their
retailers.
Concurrent with this restructuring of distribution, it is also likely that the role of ‘promoters’
will shift to focus on upstream clientele, or even decline. It was apparent through our
interviews that the viability of the ‘promoter’ model was heavily dependent on the market
potential of a specific area, as well as the skills of the promoter him or herself. In many
cases, promoters were relatively well-educated youth—of whom there are a plethora among
the un- and under-employed in Kenya. These promoters were motivated and enthusiastic
about being part of a socially valuable enterprise that helps to promote food security, but
also keeping an eye out for other economic opportunities. In some cases, the economic
viability of their individual enterprises was problematic even by their own reckoning. For
example, one promoter in Narok County reported that sales were best in July and August,
when the local harvest was beginning. He reported that in July, he sold 70 pieces with a
margin of 30 Ksh each, amounting to revenue outside of the cost of goods sold of 2,700 Ksh
(approximately US$27) profit for the month. While this promoter was proud of his work with
the product, he also stated that he was looking for other opportunities. He had a degree in
business administration from a U.S. university and was interested in making greater use of it
if the opportunity arose.
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A second consideration that affects sustainability is whether the market will continue to be
the primary venue for distribution of improved OFS. Prior to AgResults, improved OFS was
mainly distributed through publicly supported projects, so there is potential for distribution to
revert to that model. Many local government officials and some competitors mentioned this
in interviews. In support of this point, at the AgResults awards ceremony in October, one of
the keynote speakers representing the Trans Nzoia county government announced that the
county had committed a budget of 5 million Ksh to purchase hermetic bags. Subsidised
distributions of this sort have the potential to undermine the sustainability of the market and
the benefits that it brings relative to subsidised distributions. The extent to which this
happens will depend on the understanding of the public sector, both local governments and
international donors, of the market’s role in ensuring farmer access to improved OFS and the
potential for subsidised distribution schemes to undermine it.
4.4.2 Demand
Finally, farmer perspectives also point to a strong likelihood of sustainability. As discussed in
Sections 4.1 and 4.2.3, farmers regard improved OFS as a way to prevent grain losses
during storage without the use of pesticide dust, something they perceive as a benefit
though there is no conclusive evidence of harmful effects from using pesticide dust. Many
farmers indicated they intend to continue using improved OFS devices. In some cases,
farmers reported they would purchase more after having tested and confirmed the devices’
effectiveness, indicating a continued demand. Our results also suggest that distribution
channels will continue to be smallholder-inclusive. Evidence for this includes widespread
awareness of improved OFS among agrodealers and other independent distributors. Such
distributors play an important role in supplying improved OFS and generating demand
through activities such as displaying the improved OFS products in their stores, generating
inquiries and ultimately sales on the part of their clients. It is also notable that several
farmers were unaware of, but then learned about, the improved OFS during the endline
survey and had purchased them by the time of the qualitative follow-up interview. This
indicates that the quantitative survey had led farmers to become interested in the
technology.
In order for demand to sustain, the integrity of improved OFS on the market must be
maintained so that customers do not lose confidence due to low quality or counterfeit
products. In the few cases where our qualitative inquiries revealed that farmers had heard
about or been exposed to low-quality counterfeit products during the AgResults competition
period, those products dampened farmers’ willingness to pay the relatively high cost of the
improved OFS. Both OFS suppliers and national-level experts were aware of this issue.
There was discussion underway of the formation of a manufacturer’s association to certify
product quality, or for the Kenya Bureau of Standards to be involved in setting standards for
improved OFS. For example, certification of product quality was an area where the East
African Grain Council was perceived to be playing a role.
In order for the market to be sustainable, farmers must continue re-purchasing the devices
every few years rather than ‘dis-adopting’ once they have adopted. Most adopters reported
that they were happy with improved OFS products and their benefits. There were some,
however, who cited some challenges, and in some cases these challenges led them to stop
using (or ‘dis-adopt’) the product. In the Eastern region, 77 of the farmers who had adopted
during the project sales period (about 8%) had dis-adopted by the time of the survey, while
in the Rift Valley region two farmers (about 5% of the adopters) had dis-adopted. Disadopters gave a diverse set of reasons explaining why they had stopped using improved
OFS technologies, shown in Exhibit 4-11. Because the number of dis-adopters in Rift Valley
was so small and because it is unlikely that regional factors played a significant role in the
decision to dis-adopt, we have combined the regions for this analysis.
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Exhibit 4-11. Reason for dis-adoption among those who dis-adopted (both regions)
Other
19%

No harvest
26%

Gave to someone
else
4%
Too expensive to repurchase
10%

Device got
damaged/lost/stolen
18%

Did not work as
expected
23%

Source: Analysis of AgResults Kenya Endline Survey, 2018.
Notes: N = 79.
The analysis only took into account ‘dis-adoption’ of households who had adopted prior to 2017. Since data were
collected in mid-2018, households that had adopted in 2017 may not have had a harvest in which to store grains
yet, so we do not consider them to have dis-adopted even if they did not report using their device in 2018.

The most common reason for dis-adoption (26%) was a lack of harvest, implying that those
farmers did not have grain from their own production to store in their devices. While the rates
of dis-adoption are fairly low, results indicate that farmers may be quick to stop using
improved OFS if it does not meet their expectations. Suppliers must therefore ensure that
quality is maintained and that farmers have the knowledge to use their devices properly to
ensure effectiveness.

4.5

Evaluation Question 6: Scale and cost-effectiveness

Key findings
The evaluation found a 23 percentage point increase in adoption in the Eastern
region and a 6 percentage point increase in adoption in the Rift Valley region. In
Rift Valley, the project spent US$42 per smallholder household adopting improved
OFS and US$25 per metric ton of capacity sold to smallholders. In Eastern, the
project spent US$36 per smallholder household adopting improved OFS and US$26 per
metric ton of capacity sold to smallholders.
4.5.1 Scale
In terms of households reached by the project, the evaluation found significant scale. As
discussed in Section 4.2.1, the evaluation found a 23 percentage point increase in adoption
in the Eastern region and a 6 percentage point increase in adoption in the Rift Valley region,
both significant at the 1% level.
We also calculated scale in terms of the amount of storage capacity sold under the project,
which is shown in Exhibit 4-12.
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Exhibit 4-12. Metric tons of capacity sold that was likely attributable to AgResults, by
year and region

Metric Tons Capacity Sold

160,000
140,000
120,000

50,623

100,000

52,092

80,000
60,000
40,000

89,497

59,012
67,950

20,000
0

15,197
2015/2016

2016/2017
Rift Valley

2017/2018

Eastern

Source: Analysis of AgResults Kenya Baseline Phase 1 Survey, 2014; Baseline Phase 2 Survey, 2015; and
Endline Survey, 2018; and project monitoring data.

In the first year of sales (2015 to 2016), about 59,000 metric tons of storage were sold in
Eastern, compared to 15,000 metric tons in Rift Valley. By the second year of the project,
more than 52,000 metric tons of storage were sold in Eastern, while sales in Rift Valley
jumped substantially, to nearly 68,000 metric tons. Sales in Eastern held steady at about
50,000 metric tons in the third and final year of sales, while in Rift Valley, competitors sold
about 89,000 metric tons of storage.
Using the average capacity purchased per household (calculated based on survey
responses), we calculated the total number of households reached by the project as the total
metric tons of capacity sold divided by the average capacity purchased per household. The
results of this calculation are shown in Exhibit 4-13.
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Exhibit 4-13. Number of households purchasing that was likely attributable to
AgResults, by year and region
100,000

Households adopting

90,000
80,000
35,981

70,000
60,000

37,026

50,000
40,000
30,000

41,946

54,896
41,421

20,000
10,000
0

9,207
2015/2016

2016/2017
Rift Valley

2017/2018

Eastern

Source: Analysis of AgResults Kenya Baseline Phase 1 Survey, 2014; Baseline Phase 2 Survey, 2015; and
Endline Survey, 2018; and project monitoring data.

In Eastern, the first year of the project saw just under 42,000 households purchasing
improved OFS, while that number fell slightly to around 37,000 and 36,000 purchasers in
each of the two subsequent years, respectively. In Rift Valley, the initial year saw fewer than
10,000 purchasers, while that number jumped to more than 41,000 in the second year and
nearly 55,000 in the third year. Cumulatively, about 220,000 more households purchased
improved OFS across the two regions than would have been expected in the project’s
absence.
4.5.2 Cost-effectiveness
Following the method outlined in Section 2.3, we calculated the cost-effectiveness ratios for
two impacts. The first is the cost per smallholder households adopting, and the second is the
cost per metric ton of capacity sold to smallholder farmers, as described in Section 4.5.1. We
report the ratios both using the total project costs and using only the in-country costs, both of
which we annualised using 12% discount rates (see Exhibit 4-14). The ratios using only the
in-country costs do not include the project design costs or the Secretariat management
costs. Annex F contains additional detail on cost calculations.
Exhibit 4-14. Cost-effectiveness ratios for the Kenya OFS challenge project
Total

Rift Valley

Total costs

In-country
costs

Cost per smallholder
household adopting
improved on-farm storage

$39

Cost per metric ton of
capacity sold to
smallholder farmers

$25

Eastern

Total costs

In-country
costs

Total costs

In-country
costs

$27

$42

$29

$36

$24

$17

$25

$17

$26

$17

Source: AgResults Kenya Endline Survey, 2018, and project monitoring data.
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The total discounted project cost was US$8.5 million,17 which amounts to US$39 for each
household adopting improved OFS, and US$25 per metric ton of capacity sold. The regional
results were higher in Rift Valley than for Eastern. In Rift Valley, the project spent US$42 per
smallholder household adopting improved OFS and US$25 per metric ton of capacity sold to
smallholder farmers. In Eastern, the project spent US$36 per smallholder household
adopting improved OFS and US$26 per metric ton of capacity sold to smallholder farmers. A
full description of costs by year and region is presented in Annex F.
Compared to the AgResults Nigeria project, which promoted a biocontrol agent (Aflasafe)
that protects crops against aflatoxin, the Kenya challenge project had a relatively low cost
per farmer reached. In Nigeria, the total cost per farmer reached ranged from $216 to $248
for different geographies. That said, the Nigeria project required a higher level of
engagement from competitors and required them to interact directly with groups of
smallholder farmers because the prize was tied to the amount of Aflasafe-treated maize they
aggregated. In other words, the mode of smallholder engagement differed greatly between
the two projects. It is not surprising that the Kenya challenge project had a lower cost per
smallholder reached because competitors sold a product through distribution networks and
generally did not incur the costs involved in engaging directly with farmers. Importantly,
however, the Nigeria project demonstrated a significant impact on smallholder income,
implying that while the cost to reach smallholder farmers was higher, the returns were also
higher. Cost-effectiveness data from other agricultural interventions are not widely available,
so the evaluation team is not able to comment on the cost-effectiveness of the AgResults
challenge project in Kenya relative to agricultural interventions apart from other AgResults
challenge projects. Therefore, the evaluation team cannot say with certainty whether the
Kenya project was cost-effective in the absolute sense.

4.6

Evaluation Question 7: Lessons learnt

Key findings
The evaluation of the Kenya challenge project generated several lessons. One key
lesson is relevant to sponsors as they decide whether to go ahead with a new
prize competition. To understand the potential magnitude of benefits to be
generated from the competition, prize competition designers should conduct an exante cost-effectiveness analysis and thoroughly articulate the assumptions underlying the
theory of change. To understand the potential range of the magnitude of benefits, they
should also perform sensitivity analysis to determine the impact of different assumptions on
potential benefits.
In this section, we identify lessons learnt on the best practices in the design and
implementation of prize competitions that are intended to help catalyse the development of
underserved markets for promising agricultural technologies. We present our results
following the framework we developed to assess the suitability of the prize competitions
(Mainville and Narayan, 2017), looking back to the Kenya challenge project’s design and our
evaluation findings. We organise our discussion across several key facets that should
underlie a prize competition design—development problem, innovation, market, competitors,
incentive structure (outcome and prize structure), theory of change, and verification.
4.6.1 Lessons about the development problem
To have a large-scale impact, as the AgResults technology adoption projects intend, a prize
competition should focus on a development problem whose resolution has the potential for
large-scale impact. In the case of Kenya, the PHL problem had been well-documented, but
estimates of its magnitude varied significantly. In the evaluator’s research, farmers’ own
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The analysis used a discount rate of 12%. Total undiscounted project costs were US$12 million.
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estimates of their losses were fairly low, though as discussed in Section 4.3.2 it is likely
difficult for smallholder farmers to self-report their losses accurately. Given the lack of
definitive estimates of the scale of the PHL problem, one lesson learnt is that challenge
projects could benefit from detailed economic analyses during the project design phase.
Such analyses should incorporate sensitivity analysis to determine the cost-benefit ratio of
the development problem to the innovation’s potential benefit. In the case of Kenya, such an
analysis would have provided valuable information on the value proposition that improved
OFS devices have both for smallholder farmers and for donors.
4.6.2 Lessons about the innovation
The innovation promoted by a prize competition should be proven and demonstrably
beneficial to its intended beneficiaries—smallholder farmers. This is essential to create a
private sector-led market for beneficial innovations or technologies, which is an important
objective of AgResults technology adoption projects. Improved OFS technologies provide a
well-established benefit to farmers in that the technologies competing under the project were
tested and shown to preserve the quantity and quality of grain stored within them.
Importantly, they do this without requiring the use of pesticide dust. The evaluation found
that preventing PHL was only part of smallholder farmers’ perceived benefit, because
pesticide dust can also do that. Rather, the fact that these devices could prevent PHL
without adversely affecting the stored grain’s taste, as pesticides do, and without negative
health impacts that many smallholder farmers suspect that pesticides have, was the key
benefit.18 An important lesson emerging from this is the importance of assessing other
technologies that smallholder farmers may employ that provide benefits similar to those of
the innovation.
The qualifying parameters of the technology were well-suited to the smallholder farmer
target market. Technologies were required to provide protection for stored grain but also had
to have a capacity of 540 kg or less, making them an appropriate size for smallholder
farmers given their storage needs. As further evidence of this, the project’s verification
survey found that 91% of devices sold under the project were sold to smallholder farmers.
The fact that only a small proportion (9%) were sold to medium and large farmers underlines
that the technology was less appealing to that group and therefore was appropriately
targeted.
With regard to qualifying parameters, the requirement that devices be LGB-proof to qualify
for the competition in Eastern was the one potential limitation regarding the innovation. The
project’s business plan did not describe a specific plan for LGB testing, saying only that
‘participants will be required to pass a technology efficacy test conducted by a storage
expert committee to ensure that the technology is LGB-proof’ (Dalberg, 2012). Standards
and testing protocols were not defined. No expert committee, standards, or protocol was
established in Kenya prior to the project’s start, so the project conducted LGB testing itself. It
was able to do this only after the competition had begun, delaying some sales activities.
Furthermore, since the LGB test was complex and resource-intensive, it could be conducted
only once, effectively barring competitors from joining the Eastern competition after the test
was completed. This may have had the effect of limiting the project’s eventual reach. The
lesson therefore is that all qualifying parameters should be defined in advance of the project
and that the mechanism for determining whether competitors met those parameters should
also be arranged in advance.
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The evaluation did not assess the health impacts of pesticide dust, as this was not part of its
scope. Pesticide dust is approved for sale in Kenya for use on grain that is to be consumed, and
the evaluation team is not aware of any evidence that it has negative health impacts. All
discussions of negative health impacts of pesticide dust are based on farmer perceptions alone.

Abt Associates

AgResults Final Evaluation Report –
Kenya On-Farm Storage Challenge Project

December 2019 ▌44

4.6.3 Lessons about the market
To be appropriate for a prize competition, the target market should have failed to develop
because of a single binding constraint or a limited number of constraints. In the Kenya case,
the market had failed to develop because of large barriers to entry in terms of distribution
and demand. These are distinct constraints, but both could be addressed through a single
leverage point. As shown in the time series results regarding adoption in Section 4.2, there
was a small market for improved OFS before the project began. Our projections suggest that
it would have continued to grow at a slow pace in the project’s absence, but that the project
accelerated growth by several orders of magnitude. This reflects that there were limited
constraints on the market and that the project’s design was successful in using the right
leverage to temporarily alleviate those constraints.
4.6.4 Lessons about competitors
Our initial lessons learnt on designing the prize competition indicate that the competitors
should see a long-term business case in the technology. There should be enough
competitors to engender the desired market structure, and they should have the capacity—
particularly financial capacity to fund inventory and operating costs and managerial
capacity—to address the constraints limiting market development. In Kenya, there was a
small number of viable competitors. However, a few of them were large and had a lot of
capacity to address the constraint.
4.6.5

Lessons about the incentive structure—the outcomes, qualifying parameters,
and prize structure
The evaluation team’s early learning suggested that prizes should be structured to take into
account competitor constraints and de-risk their investment without undermining their longterm interest in the market. Results from Kenya show that this was the case and that,
generally speaking, the prize design was appropriate to the pool of competitors and the
improved OFS market. Overall, the project disbursed $6.25 million in prizes to three
competitors. Of these prizes, the mid-term prize money was re-invested to increase
production, marketing, and inventory capacity. Some competitors that were not rewarded
were largely positive about the experience because of the exposure to different types of
competition; and the impetus to upgrade their production, distribution, and management
systems.19
The difference between the prize structures in the two regions deserves a closer look. In the
initial business plan, the project’s designers assumed that Rift Valley would be the higher
volume market, predicting 18% market penetration of improved OFS devices there. They
designed the structure with a mid-point prize of US$750,000 for up to five competitors that
reached a pre-determined sales threshold in order to level the playing field and pull improved
OFS producers into the project. Then, all the Rift Valley competitors would share a
proportional prize of US$1 million based on their market share by the end of the project
sales period.
Interviews with competitors suggest that the mid-point prize in Rift Valley was successful in
terms of building momentum, as it made the prospect of prize pay-outs seem more real. This
in turn invigorated competitors, by their own accounts. However, overall sales in Rift Valley
were much lower than expected by the business plan—the expected penetration rate was
18%, while the actual penetration rate was 10%. So, despite competitors’ reports that the
mid-point prize was invigorating, a subsequent impact on sales was not apparent. This could
be explained in one of two ways: either the Rift Valley market simply was not as attractive to

19

We were, however, unable to interview two of the three firms that had no qualifying sales. Thus,
these results cannot be assumed to reflect their perspectives.
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competitors as predicted, or the end-of-project proportional prize of US$1 million was too low
to motivate significant additional efforts after the mid-point prize.
In Eastern, the story was quite the opposite. Despite the LGB-proof qualifying parameter,
sales were much higher than expected—the business plan expected 6% penetration in
Eastern, while actual penetration was 22%. Absolute sales were relatively even. But since
Rift Valley has a higher population and is comprised of nine counties compared to Eastern’s
five, the sales there were more spread out over a larger geography as well as a larger
number of farmers. This suggests that Eastern, even though it had higher barriers to entry in
the form of the LGB requirement, was a more attractive market to competitors.
In part, this could be because the business plan assumed that the LGB-proof requirement
would be a more significant barrier than it ended up being. Competitors were expected to
have to adapt or develop devices that were LGB-proof, but instead most of the competitors
that qualified for the Eastern competition just demonstrated that their existing storage
already met the standard. That meant that they gained momentum in sales much earlier than
anticipated.
Stakeholders have also suggested that some large competitors also had offices and other
infrastructure in the Eastern region, though since most distribution was not direct, that does
not fully explain the higher penetration rates there. In the end, the overall attractiveness of
the market seems to have trumped the mid-point prize when it came to competitor efforts.
Given this, it is not clear to the evaluation team whether the mid-point prize played a
significant role in competitors’ strategies or whether it was ultimately necessary to achieve
impact. Competitions in a truly ripe market environment may not need to ‘sweeten the deal’
with early or extra incentives; attractive markets are a more powerful lure.
4.6.6 Lessons about the theory of change
The project’s theory of change should articulate how the prize competition will incentivise
private competitor actors to address the market constraints limiting the development of a
smallholder-inclusive market. It should articulate any strategic behaviour by competitors that
might impede development impact. It should also clearly lay out the economic returns of
engaging in the market to competitors and ultimate beneficiaries—with and without the
incentive. It should identify facets of the enabling environment—the economic, policy, and
social context—that might present barriers or opportunities for the prize competition. As with
any theory of change, a theory of change for a prize competition must be based upon a
number of assumptions, which should be clearly articulated.
Overall, the Kenya challenge project had a clear and actionable theory of change. It would
have benefited from a clear and comprehensive list of assumptions upon which it was
based. The articulation of assumptions would have allowed for scrutiny and sensitivity
analysis to determine the extent to which the project would achieve success if assumptions
did not all hold. A key example of an assumption that was not formally articulated was that
farmers with improved OFS would sell less maize at low prices around harvest time, and sell
more maize at higher prices and purchase less for consumption at higher prices later on.
Evaluation findings suggest this shift in farmer behaviour did not turn out as expected—
farmers did not view improved storage as a way to increase revenue through better sale
timing. In fact, only a minority of them sold maize at all, something the business plan had not
accounted for. If that assumption had been clearly identified as such during project design,
stakeholders could have reflected on whether it was well-founded.
4.6.7 Lessons about monitoring & evaluation and verification
Verification should be cost-effective and measurable. The project’s ‘outcome’ (on the basis
of which prizes were awarded) was the quantity of storage capacity sold to smallholder
farmers. This is a measurable and verifiable outcome that was built in as part of the
monitoring framework, which relied on sales data reported by competitors. However,
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verifying whether sales actually went to smallholder farmers was much more difficult than
initially envisioned. In the first iteration of the project design, sales reporting from competitors
was supposed to provide monitoring data including buyer information that would enable the
verifier to check whether a particular sale went to a smallholder or not. As the project design
was vetted, it became clear that competitors did not have sales tracking mechanisms that
would allow them to report on the end users of their products. After several months and
consideration of multiple options to verify whether sales actually went to smallholder farmers,
the Secretariat put into place a plan to conduct a large-scale household survey, which
required substantial resources. This was done in combination with sales auditing to prevent
fraud.
The verification survey revealed that 91% of sales were in fact to smallholder farmers. Given
this, there was some discussion of whether the product was designed in such a way that
smallholder farmers were its natural market and whether such verification was even needed.
There is merit to this line of thought. The evaluation team feels there is further investigation
to be done as to whether the correct targeting of a product could reduce the verification
burden.
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Conclusion
The AgResults Kenya prize competition project aimed to create a sustainable market for
improved OFS among smallholder farming households as a means of improving their
welfare. To do this, it engaged local and international firms producing (or capable of
producing) improved OFS devices as competitors in a pay-for-results prize competition. The
competition provided temporary incentives to suppliers of improved OFS to offset the
barriers to entry and market growth of improved OFS in Kenya. The competitors were
expected to motivate smallholder farmers to adopt improved OFS without AgResults
assistance for awareness creation, marketing, or distribution. AgResults’ theory of change
posited that the incentive would spur competitors to use creative and diverse strategies to
build demand and distribute their products on their own. This was expected to result in
benefits to smallholder farmers by increasing their uptake of the technology, which was
hypothesized to reduce their post-harvest losses. This reduction in PHL would lead to other
benefits, primarily reduced maize expenditure and reduced use of pesticide dust.
Given the theory of change, the evaluation assessed the project’s impact on creating a
market for improved OFS, the adoption of OFS by smallholder farmers and subsequent
impacts of adoption on other smallholder outcomes, the project’s cost-effectiveness, and the
sustainability and scale of impact. The evaluation findings along these factors are
summarised below.
Market. In terms of the project’s impact on creating a market, the evaluation found that the
prize competition approach engaged multiple private sector actors in distributing, and in
some cases developing, hermetic storage devices. Several competitors, all of whom had
comparatively high management capacity, emerged as very successful, while others with
lower capacity did not sell enough to qualify for prize pay-outs. The result was an emerging
market for improved OFS in Kenya, particularly in the Eastern region.
Adoption: Evidence suggests that the competition was successful in scaling up adoption of
improved OFS. The competitors’ investments in developing distribution networks and
promoting improved OFS likely increased adoption by 23 percentage points in Eastern (with
28% of farmers reporting that they adopted) and 6 percentage points in Rift Valley (with a
total of 10% of farmers reporting they had adopted) compared to what the interrupted time
series model predicts would have happened in the project’s absence.
Smallholder income and food security. There was a small (just under US$2) increase in
annual smallholder maize revenue. Adoption made smallholder farmers slightly less likely to
purchase maize for consumption and less likely to face loss of maize in storage, though
there was no impact of adoption on how much smallholder farmers spent on maize for
consumption. Overall, the benefit of largest magnitude was the 36 percentage point
reduction in use of pesticide dust, which many farmers say impacts grains’ taste and which
they suspect may have adverse health impacts. (The evaluation team is not aware of any
studies that attempt to assess health impacts of using pesticide dust on grains.) Smallholder
farmers saw this benefit as an important enough reason to adopt OFS. In the course of
qualitative interviews, some women also mentioned labour-saving benefits of not having to
use pesticide dust. However, it is important to note that the quantifiable economic benefit to
smallholder farmers was limited.
Scale and cost-effectiveness. The project reached substantial scale, as measured by the
adoption rate. In all, we estimate that 220,000 more smallholder farmers adopted improved
OFS than would have without the project. The evaluation found that the project cost US$39
per farmer reached through AgResults and US$25 per MT of storage sold.
Sustainability. The sustainability of these impacts will rest on competitors’ willingness to
continue to invest in and distribute the devices in Kenya, and smallholder farmers’ continued
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perception that they benefit from adopting improved OFS. The high level of adoption, and
comparatively low level of dis-adoption, signifies that smallholder farmers will continue to be
willing to pay for improved OFS if it continues to be available. However, since improved OFS
continues to be a focus of other donors, it remains to be seen whether donor-funded
investments to promote it will complement or crowd out private sector ones. Importantly,
given the modest finding on smallholder benefits, it is worthwhile to assess donor investment
in promoting OFS relative to its return, particularly among populations who use OFS for
crops to be consumed and not for commercial purposes.
In considering the findings it is important to recall the study’s limitations. Changes in
smallholder outcomes were estimated using non-experimental and quasi-experimental
designs, and a fundamental feature of such designs is that it is impossible to know whether
selection bias has been eliminated. Despite this, the evaluation’s results are consistent with
anecdotal accounts from the Project Manager and other experts the evaluation team
consulted.
In summary, the project was largely successful in achieving the targets set forward in
business plan—it created a market for improved OFS in Kenya with several large-scale
suppliers and a handful of smaller ones. Smallholder farmers began to adopt in large
numbers, paying full price for the devices motivated by perceived benefits of the devices, the
most notable of which was a reduced need for pesticides. The scale of the market that has
been created suggests that there is potential for market sustainability, despite limited
economic benefit to smallholder farmers in this context.
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Annex A: Project implementation details
Prize governance. The project incorporated several prize governance measures to ensure
the integrity of the competition. First, to prevent competitors from manipulating the market by
‘dumping’ their products on the market below cost, competitors had to report their costs for
the product they sold and were not permitted to sell devices to smallholder farmers below
cost. They were allowed to offer credit for purchases, but sales would only be counted once
they were paid in full. The project ensured compliance with this rule by hiring a sales auditor
to monitor all sales reporting. This also prevented competitors from over-reporting their
sales. Furthermore, the project aimed to reward sales only to smallholder farmers and not to
large farmers or other entities, in an effort to link the prize directly with the project’s
development goals. To support this, the project included a large-scale verification survey to
determine the proportion of purchases that were made by smallholder farmers (defined as
having access to 5 hectares of land or less).20
Technologies developed and promoted. The project was ‘technology agnostic’, meaning
applications were accepted from any firm offering a hermetic grain storage solution
appropriate for smallholder farmers. Thus, one qualifying parameter was that the device
could have a capacity of no more than 540 kg. By the end of the sales term in May of 2018,
nine competitors had been approved under the project to sell 16 different types of devices.
Of these, the majority were hermetic bags with a useful life of three years, while two were
different: one was a plastic silo (15-year useful life) and the other was a metal silo (20-year
useful life) (see Exhibit A-1).
Exhibit A-1.

Improved OFS devices sold under the project

Competitor

Hermetic device

African Farms and Markets
Ltd/GrainPro

A to Z Textile Mills Ltd

Bell Industries Ltd
Corporate Business Forms
Ltd/Vestergaard

ELITE Innovations (K) Ltd

Capacity

GrainPro SuperGrainBag Farm

90 KG

GrainPro SuperGrainBag IV-R

90 KG

GrainPro GrainSafe Mini

250 KG

AgroZ Bag

100 KG

AgroZ Bag

50 KG

PICS Bag

100 KG

PICS Bag

50 KG

ZeroFly Hermetic Storage Bag

100 KG

Elite Bag Heavy Duty

100 KG

Elite Bag Light Duty
Elite Bag Light Duty Double
Layer

90 KG

Useful
life

Hermetic
bag

3 years

Hermetic
bag

3 years

Hermetic
bag

3 years

Hermetic
bag

3 years

Hermetic
bag

2-3
years

Metal silo

20 years

Hermetic
bag

3 years

90 KG

Ekima Engineering Works

Metal Silo

Kenya Promotions and Marketing
Company Ltd

KPMC GSBL

9 sizes
ranging
from 50 to
540 KG
90 KG

KPMC GSBL

60 KG

Kentainers Ltd

GranSilo

380 KG

Post Harvest Africa

grainz bag

100 KG

20

Type

Plastic silo
Hermetic
bag

15 years
3 years

For more information on the verification survey, see Infotrak (2018).
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Annex B: Quantitative analysis methods
Time series models
We used a time series model to estimate the association between time and adoption,
controlling for (time constant) household characteristics, (time constant) county fixed effects,
and (time varying) environmental factors. Equation (1) shows the time series regression
model we estimated for our study of adoption in the Eastern and Rift Valley regions (see
regression results in Section 4.2).

(1) 𝑌𝑡ℎ𝑘 = 𝛽0 + 𝛽1 𝑡𝑖𝑚𝑒𝑡 + 𝛽2 𝑃𝑜𝑠𝑡𝑡 + 𝛽2 𝑃𝑜𝑠𝑡𝑡 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡𝑖𝑚𝑒𝑡 +
𝑛
𝑚
𝑟
𝑀
𝑅−1
∑𝑁
𝑛=1 𝛽𝑛+2 𝑋ℎ𝑘 + + ∑𝑚=1 𝛽𝑁+2+𝑚 𝑊𝑡ℎ𝑘 + ∑𝑟=1 𝛽𝑁+𝑀+2+𝑟 𝐶𝑘 + 𝜇𝑗𝑘 + 𝛿ℎ𝑗𝑘 +
𝜖𝑡ℎ𝑗𝑘
where:
𝑌𝑡ℎ𝑘

= Outcome measure for household h in county k at time t.

𝑡𝑖𝑚𝑒𝑡 = The counter for observations, and time=t=1, 2, 3, and 4 denote the four
pre-intervention periods (2011, 2012, 2013, 2014), while time=t= 5,6, and 7 denote
the post-intervention periods (2015, 2016, 2017).
𝑃𝑜𝑠𝑡𝑡 = Indicator for the post-intervention observation (i.e., equals one if t=5, 6, or 7
and zero otherwise).
𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡𝑖𝑚𝑒𝑡 = The counter for time since the intervention began (‘years of
exposure’). It is equal to zero in the pre-intervention period (time=t=1, 2, 3, and 4)
and equals 1, 2, 3 when time=t= 5,6, and 7 (2015, 2016, and 2017), respectively.
𝑛
𝑋ℎ𝑘
= The n-th characteristic of household h in county k, all measured in time
period 4 (i.e., not time varying).
𝑚
𝑊𝑡𝑗𝑘
= The m-th characteristic of the natural environment around the GIS
coordinates of household h in county k at time t (e.g., precipitation, mean
temperature, soil class).

𝐶𝑘𝑚
= Indicator (i.e., fixed effect) for county m (m=1,2,…,M). It equals one if k=m
and zero otherwise.
𝜖𝑡ℎ𝑘
= Residual associated with observations at time t, which is assumed to be
distributed with a mean of zero and variance of 𝜎𝜖2 . This term captures the variation
in the outcome measures of a household across time. The estimation is done using
Stata’s ‘svy’ methods, which uses a generalised linear model to estimate coefficients
and standard errors robust to the sampling design, in which villages within counties
are the primary sampling unit (rather than households as the primary sampling unit).
We used a modified version of Equation (1) for the revenue time series (see results in
Section 4.3). There is no clear, linear trend in revenue over the period of 2011 to 2017,
although years 2011 through 2014 appear to have a linear trend. Therefore, we used a
model that allows for fixed effect in the post-intervention years, as shown in Equation (2).
(2) 𝑌𝑡ℎ𝑘 = 𝛽0 + 𝛽1 𝑡𝑖𝑚𝑒𝑡 + 𝛽2 𝑃𝑜𝑠𝑡𝑡 + 𝛽3 𝑃𝑜𝑠𝑡𝑡 (𝑡 == 5) + 𝛽4 𝑃𝑜𝑠𝑡𝑡 (𝑡 == 6) +
𝑛
𝑚
𝑀
𝛽5 𝑃𝑜𝑠𝑡𝑡 (𝑡 == 7) + ∑𝑁
𝑛=1 𝛽𝑛+5 𝑋ℎ𝑘 + + ∑𝑚=1 𝛽𝑁+5+𝑚 𝑊𝑡ℎ𝑘 +
𝑟
∑𝑅−1
𝑟=1 𝛽𝑁+𝑀+5+𝑟 𝐶𝑘 + 𝜇𝑗𝑘 + 𝛿ℎ𝑗𝑘 + 𝜖𝑡ℎ𝑗𝑘

The covariates we included are listed in Exhibit B-1.
Abt Associates

AgResults Final Evaluation Report –
Kenya On-Farm Storage Challenge Project

December 2019 ▌54

Exhibit B-1.

Covariates in the time series regression models

Variable

Description

num_child

Number of children in HH, 2013

num_adult

Number of adults in HH, 2013

hhhead_female

HH head is female, 2014

hhhead_age

Head of HH age, squared, 2014

secondary_educ

Head of HH has some secondary educ/university experience, 2014

hhhead_literate

HH head can read or write, 2014

hh_live_outside

At least one HH member lives full or part time in other city for work, 2013

very_poor

HH is very poor (per capita consumption < $1.25/day (per Kenya PAT score]),
2013

needed_loan

HH needed a loan in the past 12 months, 2014

irrigated_any

HH irrigated any plot, 2014

haslaborinc

Has off-farm earnings

haslaborinc_medium

Has off-farm earnings greater than 10,000 Ksh and less than or equal to 120,000

haslaborinc_high

Has off-farm earnings exceeding 120,000 Ksh

owned_ha_fill

Hectares owned in 2014 (set to mean value if survey response missing)

any_rented_in_fill

Any land rented in 2014 (set to mean value if survey response missing)

distance_motorable_road_fill

Self-reported distance to motorable road (set to mean value if survey response
missing)

distance_tarmac_road_fill

Self-reported distance to tarmac road (set to mean value if survey response
missing)

distance_market_fill

Self-reported distance to market (set to mean value if survey response missing)

distance_ag_office_fill

Self-reported distance to agricultural office (set to mean value if survey response
missing)

distance_matatu_fill

Self-reported distance to matatu (set to mean value if survey response missing)

planted_hybrid_fill

Planted hybrid seed in 2014 (set to mean value if survey response missing)

mis_any_rented_in

Indicator for missing survey response to ‘any_rented_in’

mis_owned_ha

Indicator for missing survey response to ‘owned_ha’

mis_distance_motorable_road

Indicator for missing survey response to ‘distance_motorable_road’

mis_distance_tarmac_road

Indicator for missing survey response to ‘distance_tarmac_road’

mis_distance_market

Indicator for missing survey response to ‘distance_market’

mis_distance_ag_office

Indicator for missing survey response to ‘distance_ag_office’

mis_distance_matatu

Indicator for missing survey response to ‘distance_matatu’

mis_planted_hybrid

Indicator for missing survey response to ‘planted_hybrid’

mean_yr_temp

Annual Mean Temperature

mean_diurnal_range

Mean Diurnal Range (Mean of monthly (max temp - min temp))

temp_seasonality

Temperature Seasonality (standard deviation *100)

yr_precip

Annual Precipitation

precip_dry_month

Precipitation of Driest Month

alt

Altitude (meter)

slope

Slope (degree)

soil_carbon_5cm

Soil organic carbon content at 5 cm

soil_class

Soil class based on the World Reference Base

travel_20k_market

Travel time to 20K market (hrs)

cum_rainfall

Cumulative rainfall estimate from planting to harvest, mm
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Variable

Description

min_eta

Minimum evapotranspiration from planting to harvest, mm

min_pet

Minimum monthly potential evapotranspiration from planting to harvest, mm

min_ndvi

Min normalized vegetation difference index (NDVI) from planting to harvest, 0-1

min_ndvi_anom

Minimum NDVI anomaly from planting to harvest, % of normal

embu

Indicator for Embu county

kitui

Indicator for Kitui county

machakos

Indicator for Machakos county

makueni

Indicator for Makueni county

meru

Indicator for Meru county

embu

Indicator for Embu county

baringo

Indicator for Baringo county

bomet

Indicator for Bomet county

kericho

Indicator for Kericho county

laikipia

Indicator for Laikipia county

nakuru

Indicator for Nakuru county

nandi

Indicator for Nandi county

narok

Indicator for Narok county

trans_nzoia

Indicator for Trans Nzoia county

uasin_gishu

Indicator for Uasin Gishu county

Coarsened exact matching
Coarsened exact matching (CEM) is a non-parametric matching method. We initially
attempted to use propensity scores, the most commonly used parametric method for
matching, but we did not have success using the propensity score methodology to identify a
well-matched comparison group. Propensity score matching may not necessarily lead to a
comparison group that is well-matched on baseline characteristics to the treatment group.
For example, this could be due to having a large number of baseline characteristics, or due
to several baseline characteristics that correlate with propensity but not with each other, or
due to poor predictive power of the baseline characteristics. We believe all of these reasons
contribute to the lack of success with propensity score matching for this evaluation (for
example, the baseline characteristics explained 9% of the variance in propensity to adopt).
For the matching analysis, we only considered households that had not adopted OFS prior
to the AgResults intervention. Of the 4,070 households in the final analysis sample, 3,962
had not adopted improved OFS prior to the AgResults intervention (i.e., 2014 or earlier). Of
these, 976 (25%) adopted OFS in 2015, 2016, or 2017. Propensity score methods did not
yield a comparison group (drawn from the group of 2,986 who did not adopt: 3,962 – 976 =
2,986) with similar baseline characteristics as the 976 who adopted. Therefore, we used
CEM, which discretizes the joint distribution of specified matching variables, and selects
matching adopters and non-adopters from the same bins of that discretized joint distribution
(Iacus et al., 2011). The CEM algorithm was able to match 847 OFS adopters (out of 976) to
847 (out of 2,986) non-adopters. Next, we discuss the quality of the match.
The CEM algorithm matched on the following variables, which were selected for their
correlation to production, revenue, and food security: whether a household was in poverty,
whether the head of household had a secondary education, the household’s maize revenue
in 2014, whether the household purchased maize for own consumption in 2014, whether the
household used pesticide to treat maize stored for consumption in 2014, amount of land

Abt Associates

AgResults Final Evaluation Report –
Kenya On-Farm Storage Challenge Project

December 2019 ▌56

owned, whether the household had any off-farm labour income in 2014, and whether the
household is in the Eastern region.
Exhibit B-2 shows the results of 29 hypothesis tests comparing the means of the matched
non-adopters (comparison) to the adopters. There are some statistically significant
differences, but the size of those differences is small. Adopters have slightly higher hectares
owned (0.06 effect size difference) and maize produced (0.07 effect size difference) (p < 0.1
for both). Eighty percent of adopters used hybrid maize seed in 2014, compared to 73% of
non-adopters (p-value < .01). Adopters lived in slightly larger households (on average 0.22
more adults) and lived closer to 0.04 km closer to population centres (markets) with at least
20,000 people. On these and all other variables tested, we conclude that the adopters and
non-adopters in the selected matched sample are similar on observable characteristics
generally associated with the outcomes of interest.
Exhibit B-2.

Comparison of means for adopters and non-adopters in matched
sample

Eastern region
Lost any maize stored for
consumption in 2013
Any irrigation
Hectares owned
Planted hybrid maize seed
Maize produced in 2014
(kg)
Maize revenue in 2014
(Ksh, adjusted to 2010) a
Sold any maize in 2014a
Amount paid for maize for
consumption in 2014b
Purchased any maize for
consumption in 2014b
Has non-farm labour
income
Has high non-farm labour
income (> 120K)
Has medium non-farm
labour income (10K 120K)
Lives outside
Household head is female
Household head is literate
Needed loans in 2014
Number of adults in
household
Household head has
secondary education
Household is very poor
Distance to agricultural
office (self-reported, km)
Distance to matatu (selfreported, km)
Distance to motorable
road (self-reported, km)
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Matched
non-adopter
means

Adopter
means

Difference

Pooled
standard
deviation

Difference in
standardised
effect sizes

0.97

0.97

0.00

0.18

0.00

0.16

0.18

0.01

0.466

0.37

0.04

0.06
1.33
0.73

0.06
1.43
0.80

0.00
0.09
0.07

0.749
0.056
0.001

*
***

0.24
1.55
0.42

0.02
0.06
0.16

333

370

37

0.071

*

505

0.07

394

427

33

0.150

944

0.03

0.21

0.21

0.00

0.478

0.41

-0.01

2463

2246

-216

0.576

8497

-0.03

0.41

0.41

0.00

0.49

0.00

0.46

0.46

0.00

0.50

0.00

0.15

0.16

0.00

0.888

0.36

0.01

0.14

0.12

-0.02

0.304

0.33

-0.05

0.14
0.30
0.84
0.39

0.14
0.31
0.84
0.39

0.00
0.01
0.00
0.00

0.917
0.553
0.826
0.968

0.35
0.46
0.37
0.49

-0.01
0.03
0.01
0.00

3.10

3.32

0.22

0.003

1.60

0.14

0.37

0.37

0.00

0.48

0.00

0.19

0.19

0.00

0.39

0.00

9.44

9.52

0.08

0.798

9.70

0.01

4.49

4.34

-0.15

0.538

6.45

-0.02

0.44

0.42

-0.03

0.523

1.05

-0.03

P-value
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Distance to population
centre with 20K+ people
(km)
Mean yearly temperature
(Celsius)
Mean precipitation in dry
months (cm)
Mean precipitation in wet
months (cm)
Slope
Soil carbon content at
5 cm soil depth

Matched
non-adopter
means

Adopter
means

Difference

Pooled
standard
deviation

Difference in
standardised
effect sizes

1.66

1.62

-0.04

0.071

1.06

-0.04

21

21

0

0.186

2

-0.02

0.93

0.92

-0.01

0.450

1.13

-0.01

29

29

0

0.628

8

-0.01

1.71

1.80

0.09

0.126

1.59

0.06

20.26

20.39

0.13

0.375

8.01

0.02

P-value

*

Source: Analysis of AgResults Kenya Baseline Phase 1 Survey, 2014, and Baseline Phase 2 Survey, 2015.
*/**/*** Indicates p < .10, .05, and .01 respectively, where the p-value is obtained from a t-test of the difference
variable, taking into account the sampling strategy of villages as primary sampling units and controlling for fixed
effects of each discretized bin in the joint distribution of matched covariates.
Note: Sample size is 847 unless otherwise indicated. Hypothesis tests are simple t-tests of the difference in
means.
a Sample size is 785 because some households had zero yield and thus no opportunity to make a decision to sell
maize.
b Sample size is 674 because some households did not respond to this question.

With the matched sample, we estimate the impact of adoption on each outcome using a
difference-in-differences specification. Each observation is a household-time period, with
time periods either being pre-intervention (2014) or post-intervention (2017). The main
coefficients of interest are the dummies for adoption, the post period, and the interaction of
‘adoption’ with ‘post period’. The regression also controls for mean yearly temperature,
whether or not the household had off-farm labour in 2014, number of adults in the
household, and distance to population centre (market). The regression includes fixed effects
for each ‘bin’ of the discretized joint distribution of the matched variables (there are 286).
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Annex C: Data collection and quality control
Qualitative data
Qualitative endline data collection ran from November 2018 to January 2019. All data were
collected in face-to-face interviews after obtaining the respondents’ permission and in
keeping with good practices such as ensuring confidentiality of participants’ responses.
When respondent permission was obtained, audio recordings of the interviews were used,
supported by hand-written notes on key points. The interview results were later transcribed
into a data entry template, after which data were cleaned, coded, and analysed using
Microsoft Excel and SPSS.
We designed our qualitative inquiry around ‘best practices’ to ensure the robustness of our
methods. These practices included using ‘naïve’ questioning approaches (rather than
‘leading’ questions, which introduce bias), triangulation of data sources (e.g., seeking
information from multiple levels of the marketing chain to obtain diverse explanations of
phenomena), and the careful documentation of the evidence supporting results (Yin 2003).
We also strengthened the validity of our qualitative inquiry by leading with a theory-based
model (the SCP framework), and by actively seeking out disconfirming, rather than
confirming, evidence. We protected the integrity of the data through the use of file and site
encryption for any files with personally identifying information.

Quantitative data
The evaluation team worked with local research and survey firms during each round of data
collection (baseline 1 in 2014, baseline 2 in 2015, and endline in 2018). The local firms
reviewed, translated, and facilitated pre-testing of the survey questionnaire with farmers
similar to those in the AgResults target counties. They also scripted the survey instrument
for mobile data collection. At least one evaluation team member participated in training of
survey enumerators during each data collection round. Training included familiarisation with
the questionnaire (including explanations of the motivation behind each question by the
evaluation team), practice with the mobile data collection template, mock interviews, and
field-based project interviews with actual farmers.
Despite the team’s best efforts, attrition rates between survey rounds were higher than
expected, particularly between baseline 1 and baseline 2, during which time roughly 22% of
households dropped out of the panel. There were several reasons for this. First, 353
households simply could not be found in the communities where they were supposed to be
located; this is likely a result of the survey team in the first phase having interviewed people
at market centres or other places outside of their home villages, counter to protocol. Another
653 households refused to participate in the second wave of interviewing for various
reasons, often because there was no incentive offered for participation or because the
household members did not wish to provide their time and information to interviewers for a
second year in a row.
To address this attrition, the evaluation team worked with the survey team to interview
replacement households in study sample communities. The team returned to all villages
where zero, one, or two of the original respondents were surveyed in phase 2 and recruited
additional households in that village until the total number of households interviewed was six
or more. The survey team selected these households using a random walk and screening for
having grown maize or another cereal crop in the most recent season and for being a
smallholder according to the evaluation’s definition. These were the same selection criteria
used in the first phase of baseline data collection.
Only some of the villages where three households were re-interviewed in phase 2 were revisited, depending on whether re-interviewed households were similar to the average for that
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village (based on the 2014 survey) along some key characteristics. These were land size,
household size, OFS adoption, and maize revenue. For villages where the re-interviewed
households were similar on average to the region in which they sit, we did not recruit
additional households. Where the re-interviewed households’ key characteristics deviated
from the standardized mean of the region by a significant degree, we re-visited the village to
recruit additional households using the same protocol described above for villages where
fewer than three households were re-interviewed. Five of the villages that met the criteria for
conducting additional interviews could not be re-visited for security reasons; in those cases
other villages nearby were re-visited instead.
In total, 470 new households were added to the sample during phase 2, bringing the total
number of sampled households to 4,214 in the second baseline survey compared to the total
of 4,765 in the first baseline survey.
During the final round of data collection at endline, the survey firm attempted to visit all
households that were interviewed in baseline 1, baseline 2, or both. The end result was
4,091 completed interviews at endline.
During each survey, the evaluation team worked with the local firms to ensure data quality.
First, the data entry template was pre-programmed with skip logic and range checks to limit
the potential for data entry error on the part of the enumerators. During data collection,
supervisors and managers spot-checked interviews and scrutinised all data on a daily basis,
performing call-backs when errors were found. At least 10% of interviews were back
checked, where a portion of interview questions were re-asked to the original respondent so
answers could be compared for consistency and verification. All data were compiled and
submitted data to the evaluation team on a weekly basis. The evaluation team then
performed a number of consistency checks and checks to make sure the sampling plan was
followed correctly.
The local firms performed a first round of data cleaning to correct for common error types
such as unrealistic values and remaining inconsistencies in survey responses using SPSS
software. The evaluation team then finalised the data cleaning using Stata software. The
team conducted data analysis using Stata and SAS.
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Annex D: Qualitative sample selection
Exhibit D-1 shows the parameters the evaluation team used to select areas for qualitative
data gathering. Selected counties are in bold.
Exhibit D-1.
County

Area selection parameters for qualitative sampling
Region

Population
(2009 census)

Total sales

Unit/capita

Uptake
Category

Narok

Rift Valley

850,920

4537

0.01

Low

Bomet

Rift Valley

730,129

9784

0.01

Low

Laikipia

Rift Valley

399,227

11,981

0.03

Low

Baringo

Rift Valley

555,561

21,332

0.04

Low

Meru

Eastern

1,356,301

85,386

0.06

Low

Kitui

Eastern

1,012,709

64,832

0.06

Low

Nakuru

Rift Valley

1,603,325

112,706

0.07

Low

Makueni

Eastern

884,527

62,631

0.07

Low

Nandi

Rift Valley

752,965

79,600

0.11

High

Kericho

Rift Valley

752,396

83,332

0.11

High

Trans Nzoia

Rift Valley

818,757

100,810

0.12

High

Uasin Gishu

Rift Valley

894,179

167,856

0.19

High

Embu

Eastern

516,212

102,113

0.20

High

Machakos

Eastern

1,098,584

295,383

0.27

High

Source: Project monitoring data for sales figures, Kenya National Bureau of Statistics (2010) Kenya Population
and Housing Census for population data.
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Annex E: Characteristics of improved OFS
use among adopters
In addition to collecting data on adoption itself, the evaluation team collected data on what
farmers did once they adopted improved OFS technologies. The purpose was to better
understand how improved OFS is used in practice, and if farmers learned sufficiently about
the technology to use it properly. We examined:
•
•
•

Whether farmers were trained in proper use of the device they purchased, and
whether women were trained
Farmers’ knowledge of proper use
What farmers stored in their OFS devices.

These are described below.

Training in proper use
We present results on training in and knowledge of proper use in Exhibit E-1.
Exhibit E-1.

Training in and knowledge of proper use of improved OFS among
adopters at endline (2017)

100%

90%

80%

67%

60%

67%
47%

54%

49%

40%
20%
0%
Any household member
Any female household
received training in proper member received training in
use of OFS
proper use of OFS

Eastern (N=985)

Knowledge score
(proportion of steps for
correct use of OFS
technology the respondent
was able to name, where
100% means respondent
correctly listed all steps
required for proper use of
the OFS device they
adopted)

Rift Valley (N=41)

Source: Analysis of AgResults Kenya Endline Survey, 2018.
Note: Outcomes in this table are conditional on having adopted by the end of the project.

In the Eastern region, 67% of adopters had at least one household member who reported
receiving training on proper use of their OFS device. A lower proportion, 47%, had at least
one female household member who received training on proper use.
In the Rift Valley region, a large majority of adopters (90%) reported that at least one
member of their household was trained on proper OFS device use. The proportion of
adopters where at least one female member received training was lower, at 49%.
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Knowledge of proper use
The evaluation team also constructed a proper use
knowledge score to gauge the extent to which
respondents could actually list or demonstrate the
steps for proper use of their device, regardless of
whether or not they had received training.21 In the
Eastern region, the average knowledge score was
54% (out of a possible score of 100%) among all
households that reported adopting any improved OFS
technology. In Rift Valley, the average proportion of
correctly reported steps for proper use, while higher
than that in the Eastern region, was still fairly low at
67% out of a possible 100%. This score indicates a
gap in farmers’ understanding of proper OFS use in
both regions. In qualitative interviews, farmers
described one common misuse of multi-liner hermetic
bags such as Elite and PICS. Some farmers divided
the liners to ‘multiply’ their bags—that is, make one hermetic bag into two by separating the
liners.
Storing for consumption
Adopters in both regions were
much more likely to use improved
OFS for grains they planned to
consume, rather than grains they
planned to sell. Said one Rift
Valley farmer: ‘I sold 60 bags
immediately after harvest. The
remaining 40 bags are in
polypropylene bags and I have
dusted them with the Nova
chemicals waiting for the price to
increase. All the ones we are
consuming are in the PICS bags’.

In some households, the lack of training in proper use stemmed from a situation where the
household member who purchased the device was different from the person who managed
its use. For example, one household had an Elite bag purchased by an adult son who lived
in town. The son brought it to his family to use but did not teach the household members
how to use it.

OFS use
Next, we looked at how adopters used their improved OFS devices (see results in Exhibit
E-2). In the Eastern region, the vast majority (96%) of smallholder farmers who adopted
improved OFS used it for storing grains from their own production. Some (5%) said they had
used it for grains they purchased. Far fewer farmers in Eastern (26%) reported storing maize
they intended to sell, while the majority (83%) reported using their OFS for maize they
intended to consume within the household.

21

To construct the knowledge score, we asked respondents to describe or show the interviewer all
of the steps involved to store grain properly in their improved OFS device. Interviewers were
trained to probe after each response to make sure respondents were providing the complete list
of steps for proper use as they understood them. Then, we compared the steps they mentioned to
lists of steps provided by the firm selling that device. The exact steps provided by firms differed
from device to device, but typically they involved elements such as cleaning grain, drying it and
testing for moisture content, and sealing the device so that it is air-tight. The score was calculated
as a percentage where the numerator was the number of correct steps the respondent listed
minus any incorrect steps they mentioned, and the denominator was the number of correct steps
provided by the firm selling the device.
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Exhibit E-2.

Use of improved OFS among adopters
Eastern
N=985

Rift Valley
N=41

Has stored grains from own production in
improved OFS

96.3%

85.4%

Has stored purchased grains in improved OFS

5.0%

19.5%

Has used improved OFS for maize they intend
to sell

26.3%

9.8%

Has used improved OFS for maize they intend
to consume

82.5%

92.7%

Source: Analysis of AgResults Kenya Endline Survey, 2018.
Note: Columns do not sum to 100% because categories are not mutually exclusive. Outcomes in this table are
conditional on having adopted by the end of the project.

In Rift Valley, 85% of adopters reported using their improved OFS devices for grain from
their own production, while 20% reported using improved OFS devices for purchased grain.
A small proportion (10%) reported using their improved OFS for maize they intended to sell,
while a large majority (93%) reported using improved OFS for maize they intended to
consume within the household.
The fact that adopters of improved OFS devices overwhelmingly report using these devices
for grain they will consume is striking. The AgResults project’s theory of change posited that
one impact of adopting improved OFS would be that farmers would use it to store their
maize and other grains for longer, enabling them to wait for market prices to improve before
selling and seeing an economic benefit by fetching higher prices. In fact, it appears most
farmers are instead using improved OFS for grain that they have earmarked for household
consumption.
Our qualitative findings suggest that pesticides also played an important role in farmers’
decision about using improved OFS for grain that will be consumed or for grain they will sell.
While the prospect of not having to apply chemicals to food that they would consume was an
important draw, there was less concern about using chemicals on grains (typically maize)
that farmers would sell. Farmers were also aware that untreated maize would not bring any
higher value in the market, whereas infested grain would be discounted. Thus, they
expressed a preference to use the improved OFS for crops they would consume, while they
were more likely to treat the crops they would sell with chemical dust.

Crops stored in OFS
In Exhibit E-3, we show which crops adopters reported storing in their OFS devices. Farmers
usually emphasised that the most important use for the OFS was to store staple foods that
would be consumed by the household.
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Exhibit E-3.

Maize
Beans
Cowpeas
Green grams
Pigeon peas
Millet
Sorghum
Njahi

Proportion of adopters using improved OFS for storage of various crops
Eastern
N=985
87.0%
36.1%
20.8%
12.3%
6.2%
1.9%
1.7%
0.4%

Rift Valley
N=41
97.6%
2.4%

0.0%

Source: Analysis of AgResults Kenya Endline Survey, 2018.
Note: Columns do not sum to 100% because households may store more than one crop in improved OFS.
Outcomes in this table are conditional on having adopted by the end of the project.

In the Eastern region, adopters stored a variety of grain and pulse crops in improved OFS
devices. Maize was by far the most commonly stored product, stored by 87% of adopters.
After maize, beans were the second most commonly stored crop, with 36% of farmers
reporting they stored beans. Twenty-one percent of adopters stored cowpeas, while 12%
stored green grams; 6% stored pigeon peas; and 2% or fewer stored millet, sorghum, or
njahi, respectively (njahi is a specific type of Kenyan black bean).
In the Rift Valley region, there was little diversity in crops that adopters stored in their
improved OFS devices. Ninety-eight percent of adopters in Rift Valley reported storing
maize, while 2% reported storing beans. None reported storing other crops. This may reflect
a narrower preference in Rift Valley for what to store in OFS devices, though it could also be
a function, at least in part, of the lower number of Rift Valley adopters in our analysis. It is
likely also due to lower cropping diversity in Rift Valley, which is discussed in more depth in
the baseline report associated with this evaluation (Abt Associates, 2014).
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Annex F: Project costs
Exhibit F-1 shows the project costs per year by cost type. All costs were normalised to 2017
U.S. dollars and discounted with a discount rate of 12%, as recommended by DFID
guidance (DFID, 2005). The total discounted project costs of $US8.5 million were distributed
to each region based on the type of costs. Project management (US$1.8 million), Secretariat
management (US$2.2 million), and project design costs (US$500,000) were distributed
equally to each region. Project verification costs (US$400,000) were distributed 64% to Rift
Valley and 36% to Eastern. This is because the verification survey and sales auditing were
conducted equally in each county, and there were nine Rift Valley counties compared to five
in Eastern. According to data from the Secretariat, 75% of awards were disbursed to the
Eastern region and 25% to Rift Valley (awards totalled US$3.6 million).22 As shown in Exhibit
F-2, the Eastern region incurred the bulk of the costs, particularly the award costs incurred in
years 4 and 5 of the project. Furthermore, the Eastern region had comparatively lower sales
of storage capacity. Therefore, the cost-effectiveness ratios are higher for that region
compared to Rift Valley.
Exhibit F-1.

Project cost data by year and cost type

$2.5
$2.0

Millions

$1.5
$1.0
$0.5
$0.0
0

1

2

3

4

5

2013/2014

2014/2015

2015/2016

2016/2017

2017/2018

2018/2019

Design costs

Pilot Mgmt

Pilot Verification

Secretariat costs

Awards

Source: AgResults Kenya endline survey, 2018 and project monitoring data.

22

Undiscounted awards were US$6.25 million.

Abt Associates

AgResults Final Evaluation Report –
Kenya On-Farm Storage Challenge Project

December 2019 ▌66

Exhibit F-2.

Project cost data by year and region

$2.5
$2.0

Millions

$1.5
$1.0
$0.5
$0.0
0

1

2

3

4

5

2013/2014

2014/2015

2015/2016

2016/2017

2017/2018

2018/2019

Rift Valley

Eastern

Source: AgResults Kenya endline survey, 2018 and project monitoring data.

Abt Associates

AgResults Final Evaluation Report –
Kenya On-Farm Storage Challenge Project

December 2019 ▌67

