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What Works to Strengthen Productivity and Climate
Resilience among Small-scale Agricultural
Producers?’

Gabriela Aparicio, Victoria Luca, Camila Rodriguez Taylor

Abstract

This paper studies the effectiveness of a technical assistance program aimed at improving the
productivity and climate resilience of small-scale agricultural producers in rural Mexico. The
program was delivered free-of-charge to beekeepers who lost hives during Tropical Storm
Cristobalin 2020. Participantsin 14 rural locations in Yucatan were offered four main program
components: (i) basic inputs, (ii) a year-long training on production management, (iii)
improved productive assets, and (iv) specialized training related to asset upgrading. Due to
the difficulties of implementing the program during the COVID-19 pandemic, producers in 3
other nearby locations were offered only basic inputs and serve as a control group. We use a
difference-in-differences approach combined with entropy balancing to control for pre-
existing differences across groups. We take advantage of a detailed baseline and follow-up
survey of 356 producers who participated in the program. Treated producers increased their
production volume, yields, and adoption of best practices substantially more than the control
group, who only received basic inputs. Asset upgrading, in the form of queen bee provision,
had the largest impact on production volume and yield, while the trainings were particularly
important for the adoption of best practices, which bodes well for longer-term climate
resilience.

JEL codes: 012,013, Q12, Q14, Q16, Q54
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1. Introduction

Beekeeping is of high economic and social importance for Latin American and Caribbean (LAC)
countries. As of 2021, LAC countries accounted for approximately 14% of global honey production
and 8% of global bee livestock (Food and Agriculture Organization of the United Nations, 2023).
Seven LAC countries were among the 20 leading countries in the world in terms of honey production
and beehive stocks. Moreover, Argentina, Mexico, and Brazil were among the top honey producers
and exporters in the world. Honey production also provides an important livelihood opportunity for
low-income populations. For example, in Mexico, honey production is concentrated in the
Southeast, which lags behind other regions of the country in terms of development and job
opportunities. Paradoxically, LAC countries have been leaders in honey production despite poor
colony management which results in high colony losses due to diseases and pests (Galetto et al.,
2022). However, with growing threats to bee colonies, such as shifting environmental conditions and
increased pesticide use, the adoption of improved beehive management practices is increasingly
important, yet achieving this goal can be challenging.

Although governments, international organizations, and private sector companies invest significant
resources in technical assistance for agriculture each year, knowledge gaps remain. There is little
knowledge about how to design programs that are effective in diffusing knowledge, boosting
adoption of improved practices, and ultimately improving the long-term outcomes of agricultural
producers in a financially sustainable manner. This paper studies the impact of different
components of a privately provided technical assistance program aimed at improving the
productivity and climate resilience of beekeepers in rural Mexico. The free, year-long program was
provided to beekeepers who lost hives during Tropical Storm Cristobal, which hit Southeastern
Mexico in 2020, in order to help them accelerate their productive recovery. Program design
incorporated best practices according to the available literature, such as defining the content
bottom-up, providing training in the local Mayan language, and timing the provision of training and
inputs to coincide with beekeeper needs during the agricultural calendar.

We took advantage of a detailed baseline and follow-up survey of 356 beekeepers who participated
in the program. The program was highly comprehensive and substantial, allowing us to estimate its
effects with a small sample. Program participants in 14 locations of Yucatan were offered four main
components: (i) basic inputs, (ii) a year-long training on beehive management, (iii) queen bees for the
genetic improvement of their bee colony, and (iv) a specific training on queen bee breeding. Due to
the difficulties of implementing the program during the COVID-19 pandemic, participants in three
other nearby locations were offered only basic inputs (such as sugar for feeding and inputs for plague
control) and serve as a control group. For our analysis, we explore the difference in outcomes
between treated producers (receiving two or more program components) relative to the control group
(producers receiving only basic inputs). To control for pre-existing differences across groups, we
combine a difference-in-differences approach with entropy balance. We also assess the robustness
of our results using different matchings techniques, such as inverse probability weighting and
propensity score matching.

Results show that the program was effective. Treated beekeepers improved their productive
performance —number of hives, honey production, and yields— and adoption of best practices
substantially more than the control group. These results are statistically significant at conventional
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levels and remain similar regardless of the approach used to balance covariates between groups.
While the different project components seem to have contributed to the effectiveness of the
program, the provision of the queen bee asset appears to be an important driver of the impact on
productive performance outcomes. Queen bees not only improved the genetic quality of the bee
colony, which is important for honey production, but also allowed beekeepers to adopt good
practices related to queen bee management, which were further improved by the provision of the
queen bee breeding training. The training contributed to the adoption of good hive management
practices, which are particularly important for building producers’ long-term resilience against future
weather shocks.

This paper contributes to various strands of literature. First, there is a growing, but still limited, body
of evidence suggesting that bottom-up training for agricultural producers leads to increased
knowledge among program participants; however, it is important to understand the external validity
of these interventions in different countries and settings. Evidence has been mixed regarding
whether increased knowledge can translate into adoption of best practices and ultimately into
improved long-term outcomes. Moreover, there has been little attention concerning the joint
adoption of more complex agricultural management systems, as opposed to the uptake of individual
practices in an isolated manner. Our paper suggests that a comprehensive technical assistance
program (including training on multiple key practices combined with the provision of key assets) can
improve long-term outcomes for small producers. Lastly, despite the importance of bees —both for
honey production and for the provision of ecosystem services through pollination— ours is one of the
few evaluations to study the impact of training programs for beekeepers.

2. Literature Review

Since information failures have been identified as important barriers affecting agricultural
producers, it is important to understand whether training programs can succeed at disseminating
information and improving knowledge (Kondylis et al., 2017). While traditional top-down public
extension services have been subject to criticism, there is growing evidence that more modern
agricultural training approaches, such as bottom-up or decentralized models, can spur knowledge
diffusion and technology adoption (see Horner et al., 2021; and the meta-evaluation of interventions
in agribusiness Nankhuni & Paniagua, 2013). However, given the limited number of studies available,
it remains important to evaluate additional bottom-up programs, such as the one presented in this
paper, and learn whether the specific context of the intervention may affect the results (external
validity).

Even when training can improve more immediate outcomes such as knowledge, several factors may
hamper converting knowledge into behavior change, and ultimately into improved long-term
outcomes like increased agricultural yields, production, farm income, assets, and/or profits (see
Baul et al., 2023; DellaVigna, 2009; and Ravallion et al., 2015 for an example outside of agriculture).
Several papers find that more modern training can have positive impacts, not only on knowledge, but
also on the adoption of practices and technologies (Horner et al., 2021; Nankhuni & Paniagua, 2013).
For example, a three-day hands-on training on organic farming increased the use of organic inputs
among producers (Grimm & Luck, 2020). Yet, evidence of positive impacts of training on long-term
outcomes is still limited. The few papers available are in contexts other than agriculture (Blattman et
al., 2014; Ruprah & Marcano, 2009), do not account for self-selection into treatment (Danida, 2004),
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or are still scarce with few examples available (Baul et al., 2023; Wonde et al., 2022). Instead, it is
more common for the impacts of training on long-term outcomes to be mixed, with positive findings
only for some groups of beneficiaries (Kondylis et al., 2017; Nankhuni & Paniagua, 2013) or to be
imprecisely estimated and not statistically significant, both in the context of agribusiness (Torres
Franco et al., 2021) as well as in other contexts such as general business training (McKenzie &
Woodruff, 2014).

The lack of robust positive findings regarding the impacts of training on long-term outcomes may be
due to the specific characteristics of the programs evaluated. Different program characteristics can
influence the outcomes, such as the framing and/or timing of the information delivered, the
credibility of whether a new technique will actually work, as well as farmers’ belief in their capacity
to successfully implement the practices promoted (Baul et al., 2023; Gignoux et al., 2023). For
example, farmers are more likely to purchase inputs that are advertised at the time of harvest, when
they are cash-rich, as opposed to other periods of the year (Duflo et al., 2011). Other aspects also
matter, such as training duration and content (depth and breadth of topics covered). Few papers
evaluate comprehensive training programs for the adoption of a set of interrelated practices or a
more complex management system, such as ours, as opposed to promoting the uptake of individual
practices in an isolated manner (one exception is Horner et al., 2021).

Mixed results are also common when reviewing interventions providing access to inputs or capital
assets. For example, while some studies find a positive effect of inputs or investment assets on
productivity and welfare outcomes (Abman & Carney, 2020; M. Carter et al., 2021; M. R. Carter et al.,
2013; Hemming et al., 2018; Wossen et al., 2017), other papers find smaller-than-expected effects
on income and no effect on poverty incidence or severity (Jayne et al., 2018; Mason & Tembo, 2015;
Ricker-Gilbert & Jayne, 2017). Gignoux et al. (2023) find that the provision of inputs or assets may
even resultin negative effects oninput use andyield due to incorrect expectations of future transfers.
There may be different explanations for these mixed results, such as the importance of the assets
provided. For instance, key capital assets are likely to have larger impacts than basic inputs, as
appears to be the case in our program.

Another important question is whether, rather than providing either inputs, assets, or training in an
isolated manner, they should be provided jointly. Although evidence is quite limited, there is some
indication that these “packages” are more effective than isolated interventions. For example, a meta-
evaluation of private sectorinterventions in agribusiness from Nankhuni & Paniagua (2013) finds that
the more successful programs generally target all stages of the value chain, from training in good
farming practices to post-harvest techniques, plus provide inputs such as credit and facilitate farmer
organization to help them obtain better prices from suppliers. Similarly, interventions facilitating
access to credit for agricultural producers were found to be successful mainly when accompanied
with training, technical advice, or other kinds of help. In a different context, Banerjee et al. (2022) find
that a multi-faceted anti-poverty program, comprising the provision of productive assets in addition
to training/coaching, leads to improved welfare effects relative to only a grant of productive assets.
This may be the case because training enables households to become more successful in building
businesses that persistently generate income, allowing them to accumulate more assets. Yet, we are
not aware of any papers in the context of agriculture that can estimate the marginal impact of the
different components in a complete “package” of support. Our paper aims to fill this gap.



It is also important to understand whether the types of interventions discussed above can be
financially sustainable. One way to finance technical assistance may be for extension services to be
provided by the private sector through anchor companies, taking advantage of arrangements where
the anchor company and the agricultural suppliers in its value chain share the benefits (Nankhuni &
Paniagua, 2013). Such arrangements could be used in cases where the training is linked to market
transactions (like the provision of inputs or integration into a value chain), as is the case of the
program evaluated in this paper. Working with anchor companies also makes it more likely that
training will be relevant for producers’ needs and that there will be a market forincreased agricultural
production. However, while the private sector can have a critical role in the provision of agricultural
training, more research is needed to help design private interventions that are not only effective but
also financially sustainable. Our paper aims to assess not only the effectiveness of different
components of the programs, but also their cost-effectiveness.

Lastly, few papers study the effectiveness of interventions specifically in the context of beekeeping
and most of them fail to control for self-selection into treatment (see for example Ahmad et al., 2017;
Schouten, 2020; Schouten & John Lloyd, 2019; Woldewahid et al., 2012). This lack of evidence is
surprising given the importance of apiculture worldwide. According to the Food and Agriculture
Organization of the United Nations (2018), bees and other pollinators play a role in 35% of the world’s
total crop production, pollinating 87 of 115 leading food crops. Lack of improved management
practices may be preventing beekeepers from realizing the full value of their enterprises, and
providing technical assistance may be of great importance for increasing bee colony resilience and
productivity, as well for increasing the ecosystem services that they provide in an environmentally
sustainable manner (Seagle, 2008). While the challenges of improving management practices
among beekeepers are similar to those of other agricultural contexts (and training more broadly),
there may be aspects specific to this activity to consider, suggesting the need for more specific
research. Our paper fills this gap by providing more rigorous evidence on a specific intervention to
improve beekeeper performance.

3. Program Description

We study a pilot program financed by IDB Invest jointly with a leading private sector Mexican exporter
of honey (referred to in this paper as “the Company”). The Company is a family-owned business
engaged in the development, production, and sale of food (including honey, nuts, grains, and
spreads). At the time the program was designed, the Company had a large supply chain with over
16,000 honey suppliers, 95% of which were micro, small, and medium-sized agricultural producers.
The Company had over 60 bulking centers throughout Mexico where honey was collected. The
bulking centers determined which honey suppliers were eligible to participate in the program based
on their location and whether they had supplied honey to the Company in the past. The program was
implemented by a consulting firm specialized in beehive management. Implementation was
expected to take place between July 2021 and July 2022 to cover a full production cycle; however,
due to delays in the provision of assets, it lasted until the beginning of 2023 (see Figure 1 for a full
timeline of activities).

The program was implemented in 17 locations in the State of Yucatan (Southeastern Mexico).
Yucatan was targeted for the pilot program due to its importance for Mexico’s honey production (it
produces approximately 15% of Mexico’s honey on average) and because it was affected by recent
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weather shocks leading to substantial losses for beekeepers. Specifically, in June 2020, Yucatan’s
honey producers suffered substantial flooding derived from Tropical Storm Cristobal. The floods
were followed by rains and unusual temperatures that affected the flowering season, substantially
contracting the state’s honey production during that year (see Figure 2). Yucatan had also
experienced severe climate shocks in the past, such as droughts during the 2017 season. This
situation affected Yucatan’s entire honey supply chain, but mainly small beekeepers, who faced
serious economic difficulties due to the damage to their hives and agricultural crops and scarce
resources to rebuild their apiaries and recover lost hives.

The vertical logic of the program is presented in Figure 3. The program was highly comprehensive
compared to other agricultural interventions (for comparison, see Table 1 for a summary of the
magnitude and effects of other agricultural interventions). As a large majority of producers had not
received previous technical assistance or training, the program was designed to include training
components to increase beekeeper knowledge and adoption of best practices in hive management.
In addition, as many beekeepers had equipment with severe damage or deterioration and high loss
of hives due to the climatic events, the program included components to help them restore some of
the lost assets and improve production processes. Overall, the program had four main components,
two of which focused on training, while the remaining two focused on the provision of assets or
inputs. The four main program components are discussed below:

The first component was a grant of basic inputs, such as inputs for feeding the bee colonies and
plague control, as well as some field equipment (supers, breeding chambers, pollen and propolis
traps). Some of the field equipment was delivered after the follow-up survey, and hence is not
captured by this evaluation.

The second component was the provision of general training on apiculture and beehive
management. The training comprised the year-long production cycle and included group
theoretical-practical workshops with 6 to 10 producers in each; as well as individual follow-up
visits in apiaries focused on increasing beekeeper resilience and developing knowledge and
skills to improve beehive management. The content was defined bottom-up rather than top-
down (based on the needs identified from a baseline survey) and focused on practical
applications. Given that local languages are still common where the program was implemented,
the training was provided through a “train the trainer” model, where 6 local Mayan-speaking
beekeepers were trained as technicians. These technicians then trained the beekeepers who
were selected as program beneficiaries.

The third component was a grant of queen bees with European genetics, for the genetic
improvement of the bee colonies. European bees are generally less aggressive than Africanized
bees, which are prevalent in Mexico, have a lower tendency to swarm,? and also generate lower
management costs and higher honey production (Gobierno de México, n.d.; Guzman-Novoa et
al., 2011). In total, as many as 1,894 fertilized bees were provided prior to the follow-up survey.
An additional grant of 1,787 queen bees was delivered after the follow-up survey, and hence are
not captured by this evaluation.

Finally, the fourth component was a breeding training to teach producers how to breed and raise
queen bees adapted to the conditions of the area, and to select them for their behavioral

2 The swarming process consists of the abandonment of a part of the bee colony with a new queen, which results in the
weakening of the remaining partial colony.



characteristics. This training was provided only to a subgroup of the producers who received the
queen bees (third component). Training participants were required to have good eyesight to be
able to breed the queen bees.® Producers were expected to participate in two workshops; the
first was held between December 2021-January 2022 and the second between May 2022-June
2022. A total of 30 theoretical-practical breeding workshops were carried out in the different
locations, with 6 to 8 producers each. As a result of the workshops, producers bred 613 new
queen bees with European genetics.

The combination of inputs and a comprehensive training program was expected to not only increase
beekeepers’ productive capacity but also to improve their climate resilience, understood as their
ability to recover from, or reduce vulnerability to, climate shocks. While the provision of inputs was
envisioned to help producers recover from past climatic events, the trainings for the adoption of best
practices in hive management and queen bee breeding were expected to build their long-term
resilience to future shocks, helping them improve their adaptive capacity by correctly identifying
flooding risk areas, improving knowledge of the potential effects of shifting environmental
conditions, and preparing action protocols in the presence of adverse natural phenomena.

4. Data and Treatment Groups

The data used in this paper was obtained from two main sources: first, a baseline and a follow-up
survey with program participants; and second, administrative data from program implementation.

Out of the Company’s 16,000 honey suppliers in Mexico, a total of 431 beekeepers participated in
the program, receiving at least some basic inputs. Of these, only 356 producers had completed both
a baseline and a follow-up survey. This is because some beneficiaries that started the program were
later removed at the request of the bulking centers, after verifying that they had not sold honey to the
Company in the past. On the other hand, some other beneficiaries were included after the program
had already started, to replace those that were removed, and they lacked a baseline survey.

The baseline survey was carried out before the start of program implementation, between March and
April 2021. Overall, 424 producers were included in this survey. The follow-up survey was carried out
in July 2022, after most program components were delivered,* and included only the 356 producers
that remained in the program since the start. Our analysis focuses on this group of 356 beekeepers.
While our sample size may seem small, itis similar to those in other related papers (see Table 1), and
the program evaluated here is more substantial, requiring a smaller sample size to detect its effects.
There was no attrition in data collection among producers that met the requirements for program
participation (according to the criteria set by the bulking centers). It is likely that producers were
willing to participate in the surveys because they had received free inputs and training.

The survey questionnaires provide very detailed information on producer characteristics and
performance, as well as retrospective questions to measure hive stock and honey production as far

3 According to the consulting firm that implemented the project, older producers with poor eyesight sometimes brought
along younger family members to the breeding trainings to be able to participate.

4 A final delivery of basic inputs was carried out in April 2023, which included capital goods for 247 producers and queen
bees for 295 producers. These inputs were not considered for our study since they were delivered after the follow-up survey.
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back as 2016 for some producers.® They also include comprehensive questions on hive management
practices. See Annex 2 for the full questionnaire.

We also had access to administrative data from program implementation, such as the duration and
topics of the workshops offered in each location, number of workshops attended by each
beneficiary, number of follow-up visits received, etc. Importantly, during the visits to individual
apiaries, the technicians also recorded their observations about the number of hives available. This
administrative data was key to confirm that the self-reported values of the number of hives were
accurate at the time of the baseline and the follow-up survey. This helps us to corroborate that our
positive results for treated producers are likely not driven solely by improvements in reporting (such
as better data due to greater use of beekeeping logs).

4.1.Descriptive Statistics

Table 2 presents producer-level descriptive statistics for the full sample. The variables reported
include producer characteristics and the key outcome variables in 2020 (baseline survey) and 2022
(follow up survey): (i) number of hives; (ii) amount of honey produced and yield (amount of honey per
hive); and (iii) hive management practices (a variable ranging from 0 to 9 that indicates how many key
practices producers adopt and individual dummies for each practice: annual change of queen bees,
breeding of queen bees, keeping a record log of activities, supplemental feeding, sustainable pest
control, good condition of brood chambers, good condition of honey suppers, good condition of
outer covers, and good condition of brood frames).

Out of the 356 producers in our sample, 20% are women (71 producers), 33% have post-primary
education (117 producers), and the median age is 43 years old. These demographic variables are
roughly in line with data presented by other studies on apiculture, such as Contreras-Uc et al. (2018)
for Mexico or Schouten (2020) for 19 low or middle-income countries, which describe beekeepers as
predominantly male and middle-aged, with low levels of post-primary education in Mexico and
varying considerably across countries. Moreover, producers in our sample had an average of 22 hives
before program implementation and produced approximately 22.6kg of honey per hive. This is below
the 36.9kg per hive presented in Contreras-Uc et al. (2018) for Mexican producers, but is reasonable
given that producers in our sample had recently been affected by floods.

4.2.Treatment Groups

The 356 beekeepers in our study sample can be divided into a control group, who were offered only
basic inputs, and a treatment group, who were offered the four main program components discussed
earlier. We further divide the treatment group into sub-groups depending on the take-up of different
program components.® Table 3 shows the mean and total amount of each program component
received by group, and Table 4 shows descriptive statistics disaggregated by group. We describe each
of the groups below:

5 Note these retrospective questions were asked during the baseline survey, thus recall bias between producers that
received more or less program components is not likely to be a problem, as program participants had not yet received the
inputs nor training.

8 Since the program was free and included asset transfers, initial take-up was 100%, for both the control and the treatment
groups; however, some producers later abandoned the trainings and/or did not take-up all of the components.
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Control group (C): Includes 21 producers who were only offered basic inputs. The beekeepers in the
control group come from 3 locations in Western Yucatan, whereas producers in the treatment group
come from 14 different locations in Southeast Yucatan (Figure 4 shows the geographic location of
the treatment and control groups). Initially all program participants were expected to be offered all
program components. However, those in the West were excluded from receiving some components
due to their distance from the other producers and the logistical difficulties of reaching them during
the COVID-19 pandemic, as well as the fact that, according to the baseline survey, they had a slightly
better level of hive management practices. Although not as good as random assignment, the control
group is considered adequate because all 17 locations were initially targeted for receiving the full
program, they are relatively close to each other, and the differences in characteristics among them
is minimal (and can be controlled for). Moreover, there was no self-selection into treatment or control
groups (and consequently there is less concern about unobservable differences across groups).’

Treatment group (T): Includes 335 producers who were offered both basic inputs and the other
program components. On average, each producer in the sample received inputs; however, the
treatment group received slightly more inputs (US$401/producer) relative to the control group
(US$312/producer). On average, producers in the treatment group participated in 12 group
workshops on hive management, received 6 queen bees per producer, and participated in 1 breeding
workshop. However, there was some variability within the treatment group. For example, some
producers received as many as 14 European queen bees, while others did not receive any, and only
152 producers participated in a breeding training. Hence, the treatment group can be subdivided in
the following sub-groups:

o Partial General Training group (T1): Includes 61 producers who were offered the full package
but dropped out of the program before completing it (but completed the follow-up survey and
are included in our sample). On average, these producers participated in 5 group workshops
and received some basic inputs (US$110/producer). After they stopped attending the
trainings, they no longer received inputs, and they did not receive any queen bees or the queen
breeding training. Of the 61 producers in this group, 58 dropped out in the first 6 months of
program implementation, citing as the main reasons either prioritizing their other production
activities (such as crops) or getting a job. Because the training was not completed, it is likely
that these producers did not obtain the full benefits. Moreover, those who dropped out may
have substantially different unobservable characteristics relative to the producers who
remained in the program. While we recognize that this sub-group is not an ideal comparison
to other groups due to the self-selection out of the program, we think it can still provide useful
information about the benefits of partial training participation (if any) and can help also assess
the robustness of our main findings.

e Queen Bee group (T2): Includes 122 producers who received basic inputs, general training,
and queen bees as assets, but did not receive the queen bee breeding training. All producers
in this group completed the general training, participating in 13 group workshops on hive
management on average.

7 The fact that this group had a slightly better level of hive management practices at baseline, if correlated with
unobservable factors, would actually bias our estimation to zero.
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e Full Package group (T3): Includes 152 producers who received basic inputs, general training,
queen bees, and it was the only group to receive queen bee breeding training. Producers are
included in this group if they received at least one breeding training, even if they did not attend
both sessions offered. All producers in this group completed the general training, participating
in 13 group workshops on hive management on average (like the previous group). However, the
Full Package group received slightly more queen bees on average relative to the Queen Bee

group.
4.3. Preliminary Evidence

Table 5 presents the change in key outcome variables over time for the overall sample and for the
different groups defined above (in Section 4.2). Specifically, we conduct a before-and-after analysis,
where we compare the value of key outcomes after the program was implemented (2022 follow-up
survey) relative to their value before the program (2020 baseline survey). The first row of the table
presents the result of a regression for the entire study sample (356 producers), while the remaining
rows consider separate regressions for each of the groups described earlier (Control, Treatment,
Partial General Training, Queen Bee, and Full Package). As would be expected, performance in terms
of number of hives, production, and yield improves over time for the treatment group, but not for the
control, and it is highest for those beekeepers receiving the full package including queen bees and
the breeding training. Given that the estimates for the full sample are a weighted average of the
estimates for each of the other sub-samples, and that most producers were treated, the average
change for the full sample resembles that of the treatment group. Table A 1in Annex 1 shows that the
differences observed across groups are statistically significant.®

5. Identification Strategy and Estimation Method

While the preliminary evidence (in Section 4.3) is interesting and intuitive, it is not a reliable estimate
of the impact of the program for several reasons. First, after suffering an adverse shock due to a
tropical stormin 2020, itis expected that beekeeper performance would improve over time, reversing
to the mean prior to the shock. Additionally, there may be many other variables changing over time
that were not controlled for in this simple analysis, such as other weather factors, pollen availability,
prevalence of COVID, etc. A preferable approach would be to compare the change in key outcome
variables for those participating in the program to similar beekeepers that did not participate in the
program.

5.1.ldentification Strategy

In this section, we briefly describe the different group comparisons that we carried out to estimate
the impacts of interest. To better explain our approach, Figure 5 presents the different groups
discussed in Section 4.2 (dark blue represents the different program components received by each
group) and indicates the impacts that can be identified with each comparison. Based on these
categorizations, it is feasible to identify the following impacts:

8Table A 1in Annex 1 presents difference-in-differences estimates that compare the changes over time in key outcome
variables between the different sub-samples, while also using year and producer fixed effects.
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Overall impact (T-C): The main analysis in the paper studies the average treatment effect (ATE) of
the overall program by comparing the outcomes of producers in the treatment group to those in the
control group. Although a completely pure control group is not available for our study since all
producers included in the surveys received at least some basic inputs, our estimates are
conservative; they do not include the contribution of the basic inputs (which were also received by
the control group). As an extension, in Section 7 we attempt to estimate the impacts of receiving
different levels of basic inputs.

Full Package impact (T3-C): We also estimate the average treatment effect on the treated (ATT) of
specific sub-treatments. We estimate the impact of receiving the full package, for those that receive
all components, by comparing the outcomes of producers in the Full Package Group to those in the
control group. In addition, we split the full package impact in different parts, by estimating the
marginal impact of sequentially adding each program component:

1. Partial General Training impact (T1-C): We estimate the impact of partial participation in the
general training, by comparing producers in the Partial General Training Group (receiving some
training sessions + basic inputs) to those in the control group (receiving basic inputs only).

2. Queen Bee impact (T2-T1): We estimate the impact of completing the training and adding the
provision of queen bees, by comparing the outcomes of those in the Queen Bee Group (who are
considered the treatment group for this specific comparison) to those in the Partial General
Training Group (who are considered the control).

3. Breeding Training impact (T3-T2): We estimate the impact of adding the queen bee breeding
training, by comparing the outcomes of the Full Package Group (who are considered the
treatment group for this specific comparison) to those in the Queen Bee Group (who are
considered the control).

Thus, for each comparison between groups, the treatment group received more program
components, while the group receiving fewer program components serves as a control. Although
there are some limitations regarding how the different groups and impacts are defined, we attempt
to address these limitations as much as possible with our estimation methodology, as discussed
below.

5.2.Estimation Method

Given that the treatments were not randomly assigned, there are ex-ante differences across groups
that may bias the results. To address these concerns, our analysis combines difference-in-difference
(implemented using a fixed-effects estimation) with entropy balancing.

A major advantage of having survey data before and after program implementation is that it allows
us to accountforunobservable factors — both at the producer level and time-varying — that may affect
the outcomes of interest and participation in the program. Specifically, the effects of the program will
be estimated using the following fixed-effects linear regression model:

Y;¢ = a; + ap + BD;Post, + v; ¢ (D

Where Y, ; represents the sets of outcomes of interest for producer i at year t. Producer fixed effects
a; fully absorb any permanent heterogeneity at the producer level, and a; represents yearly shocks
that affect all producers. D; is a binary variable that takes the value of one if the producer belongs to
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the treated group (T, T1, T2 or T3 depending on the effect estimated), and Post; is a binary variable
that takes the value of one for the post-treatment period. Therefore,  represents the parameter of
interest which captures the effect of the treatment on the outcome under consideration. When
comparing the treatment (T) and control (C) groups, S will be the average treatment effect (ATE) of
the program, while in the intermediate comparisons between groups (T3-T2, T2-T1, and T1-C), 8 will
represent the average treatment effect on the treated (ATT) for each program component (as
discussed in Section 5.1).

The validity of the difference-in-difference estimation rests on the identification assumption that
trends in the outcome variables for the treatment and control groups would have been equal in the
absence of treatment. However, this assumption may be problematic given that producers in the
control group are different from treated producers and may likely follow different trends as well.

To strengthen the validity of our identification strategy, we combine the difference-in-difference
methodology with entropy balancing, a multivariate reweighting method described in Hainmueller
(2012). The reweighting scheme assigns a weight to each sample unit such that the reweighted
groups satisfy a set of balance constraints that are imposed on the sample moments of the covariate
distributions. Since the weights are directly adjusted to the known sample moments, the scheme
always improves on the covariate balance, while keeping the weights as close as possible to the base
(unit) weights to prevent loss of information (Figal Garone et al., 2015; Hainmueller & Xu, 2013). This
method helps eliminate a potential source of bias since weighted producers in the control group are
expected to be more similar to producers in the treatment group. While this method does not allow
us to control for unobservable differences between groups, we aim to account for a sufficient set of
observables, which we expect to reduce potential concerns related to omitted variable bias.

In our case, we will reweight the control group for each comparison to match the sample mean of the
treatment group in the pre-treatment period, in order to then estimate equation (1) using the
corresponding treatment group and the reweighted control group. As described in Hainmueller
(2012), the weights w; are chosen by the following scheme:

minH(@) = ) h(a) @)
‘ {i\Ds=0}
Subject to balance and normalizing constraints:
2{i\Dy=0} Wikr; =M, withT €1, ...,R and
2(i\ps=0} w; = 1 and
w; = 0forallisuchthatDs; =0,

Where D; is the treatment status, h(.) is an entropy metric, and k,;(X;) = m, describes a set of R
balance constraints imposed on the covariate mean of the reweighted control group in order to equal
the covariate mean of the treatment group.®

® We use the Stata package called ebalance introduced by Hainmueller and Xu (2013).
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In our application, for each set of comparisons (T-C, T3-C, T3-T2, T2-T1, and T1-C) weights are created
based on pre-treatment values of selected outcomes (such as hives, production, yield, and adoption
of key practices) and on observable characteristics of the producers in 2020 (such as age, gender,
education, and hives lost during floods). We obtain different weights for each comparison. The
weights from this process are then passed on to the fixed-effects model (1) through sampling weights
that denote the inverse of the probability that the observation is included as a result of the sampling
design.™

After controlling for these sources of heterogeneity that affect both the set of outcomes and the
participation in the program, the identifying assumption implies that the difference-in-difference
method (implemented using a fixed-effects regression) applied to the reweighted sample leads to a
consistent estimator for . Finally, we cluster standard errors at the locality level for inference robust
to correlation across producers and account for multiple hypothesis testing by computing
sharpened False Discovery Rate (FDR) g-values (Anderson, n.d., 2008; McKenzie, 2020).

5.3. Validity of our Strategy

For each group comparison (T-C, T3-C, T1-C, T2-T1, T3-T2), Table 6 presents a separate panel
comparing the mean values of key covariates for the respective treatment group versus the control
group. As expected, since the assignment to the different treatments was not random but rather was
affected by beekeepers’ baseline characteristics and performance, the original sample (prior to
reweighting the data) presents large and significant differences in ex-ante covariates and in lagged
values of the outcomes across groups. This is especially notable when comparing the Treated, Partial
General Training, and Full Package groups with the control group, since control group producers were
dispersed in different locations and were generally better off in terms of production and adoption of
best practices, which is also partly why they only received the basic inputs component of the
program.

However, after using entropy balancing, those differences become non-significant in most cases.
Notably, differences in lagged production and hives become non-significant, suggesting that in our
case the parallel trends assumption underlying our difference-in-differences approach is likely to be
valid. Importantly, virtually no differences remain for our main comparisons. However, differences
do remain when comparing the Partial General Training group versus the control group, since the
relatively small number of observations for both groups makes it difficult to perfectly balance them. "
As a robustness check, in Section 8 we present the results using Propensity Score Matching (PSM)
and Inverse Probability Weighting (IPW) as alternative balancing techniques.

0 Entropy balancing is doubly-robustin the sense that applying a regression adjustment model to the reweighted data does
not change the estimate of the treatment effect (as long as the same covariates are used in the regression adjustment), and
using a regression adjustment model means no further correction is needed for the standard errors (Jann, 2020; Zhao &
Percival, 2017). This is implemented in Stata using the teffects ra command to run the regression adjustment model.

" The sample size shrinks further after implementing entropy balancing, since we only keep observations with enough
information to balance between the groups (i.e., producers with missing information in balancing variables are left out).
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6. Main Results

Below we present our main results. Section 6.1 discusses the ATE of the overall program on key
outcomes. Section 6.2 discusses the ATT of receiving the full package, as well as the impact of adding
each of the individual program components. We study impacts on productive performance
outcomes (Table 7 for ATE and Table 10 for ATT), and on practice adoption (Table 8 and Table 9 for ATE
and Table 11 and Table 12 for ATT).

6.1.Overall impact of the program (ATE)

Table 7 presents the average treatment effect (T-C) of the overall program on key productive
performance outcomes such as the number of hives, honey production, and yield. Our results show
a marked improvement in production variables for treated beekeepers relative to the control:
producers in the treatment group increased their hives by 20.3%, their honey production by 30.3%,
and their yield by 10.8% relative to the control group. While substantial, the increase in the number
of hives (4.95 hives) and honey production (246kg) relative to the control is not surprising. To some
extent it captures that producers used most of the 6 queen bees they each received to increase the
number of hives and not only to replace old queens. The program’s impact on productivity is more
interesting, resulting in an additional 2.3kg of honey per hive. The new queen bees with improved
genetics appear to be an important driver of this increase, as the more queen bees received by the
producer, the larger the impact on yields (see results in Section 7).

Table 8 and Table 9 present the ATE of the overall program on the adoption of key practices. The first
column of Table 8 presents the results for an aggregated practices variable, which takes the value of
one if the producers adopt at least one key practice (that is, the effect on the extensive margin),
while the second column is an index variable which ranges from 0-9 indicating how many key
practices producers adopt (that is, the effect on the intensive margin). The rest of the columns in
Table 8 are dummy variables for queen bee-related key practices that make up part of the index
variable: (i) annual change of queen bees, (ii) breeding of queen bees, and (iii) keeping a record log of
activities. Table 9 presents the rest of the individual key practices: (iv) use of supplemental feeding,
(v) use of sustainable pest control, (vi) good condition of brood chambers, (vii) honey suppers, (viii)
outer covers, (ix) and brood frames.

Although the extensive margin effect is relatively low (treated producers are only 5.9% more likely to
adopt any of the 9 key practices than producers in the control group), our results show a marked
improvement in the intensity of practice adoption for the treatment group relative to the control
group:'treated producers increased their best practice adoption by 3.1 practices on average relative
to the control. The improvement is notable in several dimensions, with treated producers being
53.3% more likely to keep a record log, 28.1% more likely to change queen bees annually, and 21.3%
more likely to breed their own queen bees. They were also more likely to use supplemental feeding
and sustainable pest control and keep some beehive components in good condition relative to the
control.

12 The larger effect found for the intensive margin relative to the extensive margin may be explained by the fact that relatively
few producers had adopted zero key practices at the start of the program (3 in the control group and 35 in the treated group),
and so there was more room for improvement in the number of producers adopting more key practices, which is reflected by
the intensive margin.
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The observed improvement in the adoption of key practices, especially related to queen bee
management (changing and breeding) and logging apiary activities, are consistent with what is
generally considered as good beehive management (Blog Apicultura y Miel, 2022). Changing queen
bees frequently is considered very important to improve productive outcomes. While queen bees
can live up to five years, their breeding potential wears out long before, and although they may be
eventually replaced by worker bees, relying on natural replacement is not the best strategy as a
queen’s decline can be prolonged and negatively impact the colony. Additionally, natural breeding is
somewhat uncertain and there could be cases of swarming, unsuccessful mating, and defective
queens. For this reason, beekeepers are generally advised to do a systematic queen bee
replacement every two years in temperate-cold climates, and annually in sub-tropical and tropical
climates (Dini & Bedascarrasbure, 2011; Gobierno de México, 2019), as is the case in Yucatan. To
achieve this, it is crucial to implement record logs or other tracking systems to record queen birth
dates, their qualities, and genetic lineage.

Finally, the adoption of key practices in beehive management is important not only to improve
productivity but also for the long-term climate resilience of producers. Shifting environmental
conditions can alter weather patterns, affecting the thermal regulation of beehives and the
availability of nectar and pollen, as well as contribute to the spread of diseases and pests affecting
bees (Landaverde et al., 2023; Van Espen et al., 2023; Vercelli et al., 2021). In this context, practices
such as providing supplemental feeding in times of low flowering or during climate events,
implementing sustainable pest control that does not harm bees, and breeding genetically improved
queen bees are key for colony health and resilience (Dequenne et al., 2022; Kovaci¢ et al., 2020;
Neumann & Straub, 2023).

6.2.Impact on Performance (ATT)

Next, we estimate the ATT for producers receiving different components. In Table 10, Table 11, and
Table 12, each row presents the results of a separate regression, comparing the performance of a
treated group (receiving more program components) versus a control (receiving fewer program
components), where the control was reweighted using entropy balancing, as described in Section
5'13

1. FullPackage impact(T3-C): The first row of Table 10 shows a marked improvementin production
variables for beekeepers in the Full Package group relative to the control group. Full Package
group producers increased their hives by 24.3% and their honey production by 33.3% relative to
the control, although the 10.5% effect on yield is not significant. These ATT estimates are higher
than the ATE because the Full Package Group includes only beekeepers that take-up the full
program, whereas the treatment group also includes beekeepers that abandon the program or
do not receive some components. Also, note that the impact of the full package (in the first row
of Table 10) is approximately equal to the sum of the three sub-impacts: partial general training,
queen bees, and breeding training, shown in the other rows of the table.

3 This approach of comparing each pair of groups at a time to estimate the impacts of each program component provides
estimates of the ATT for each treatment. However, the approach is limited in that it is not possible to test statistically which
of the program components has the largest impact.
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2. Partial General Training impact (T1-C): The second row of Table 10 shows that the relatively

large differences between the Partial General Training group and the control group, which were
found in the before and after analysis (Table 5), shrink and loose statistical significance when
adjusting for pre-existing differences. Itis possible that partial participation in the general training
may not be effective, or that dropouts may have unobservable differences that cannot be
addressed with our methodology (that controls only for observables). Nevertheless, the general
training (when completed) may still contribute to the success of the program. For instance, the
general training may provide beekeepers with the basic knowledge needed to succeed in the
breeding trainings (for instance, the practice of recording information in a log taught during the
general training is needed for queen breeding).

Queen Bee impact (T2-T1): The third row of Table 10 shows that completing the general training
and receiving the queen bees was the main driver of the improvements in performance
outcomes. Producers in the Queen Bee group increased their hives by 17.5%, honey production
by 26.5%, and yields by 7.1% relative to the Partial General Training group. These coefficients are
almost as large as those obtained for the full package. Hence, queen bee provision likely helped
to increase productivity, in line with the perception that having high quality queen bees is one of
the most crucial factors for productive beekeeping (Blog Apicultura y Miel, 2022). Note, however,
thatthe log transformation makes coefficients non-significant, which may be due to the relatively
smaller number of observations used in this comparison relative to the estimation of the ATE.

Breeding Training impact (T3-T2): The fourth row of Table 10 shows that the breeding training
does not seem to have an additional effect on performance variables in our results, with all
coefficients being non-significant. However, as we will discuss in Section 6.3, the breeding
training appears to be important to improve the adoption of best practices, which may help
beekeepers improve their performance over the long term, especially considering the
importance of good quality queen bees.

6.3.Impact on the Adoption of Best Practices (ATT)

To further explore the drivers of performance results, Table 11 and Table 12 present the effects of the
program on the adoption of key hive management practices, following the same approach as in
Section 6.2.

1.

Full Package impact (T3-C): The first row of Table 11 and Table 12 show a marked improvement
in practice adoption for beekeepers in the Full Package Group relative to the control group. While
the effect on the extensive margin is not significant, Full Package group producers increased the
intensity of their best practice adoption by 3.9 practices on average relative to the control.
Moreover, the improvement is clear across almost all dimensions: producers receiving the full
package are 77.9% more likely to keep a record log, 48.9% more likely to change queen bees
annually, and 46.2% more likely to breed their own queen bees. They are also more likely to use
supplemental feeding and sustainable pest control and keep some beehive components in good
condition relative to the control group.
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2. Partial General Training impact (T1-C): The second row of Table 11 and Table 12 show that, as
in the case for production outcomes, the coefficients for most individual key practices are much
smaller than in the Full Package vs control group comparison and not significant. Surprisingly,
the effect on both the extensive and intensive margin are significant, with Partial General Training
group producers being 19% more likely to adopt at least one key practice relative to the control
and adopting 1.5 more key practices on average. These results suggest that even partial
participation in the general training may lead to improvements in the adoption of some practices
(such as keeping beehive components in good condition).

3. Queen Bee impact (T2-T1): The third row of Table 11 and Table 12 shows that completing the
training and adding the queen bee asset provision appears to be an important driver for the
adoption of best practices. Producers in the Queen Bee group adopt approximately 1.7 more
practices relative to the Partial General Training group, are 21.4% more likely to change queen
bees annually, 17.1% more likely to breed them, and 43.4% more likely to keep a record log of
activities in the apiary. Based on qualitative evidence from the field, the introduction of the
fertilized queens motivated the tracking of apiary activities in a log. Initially, keeping a record log
seemed to be a burden for producers unaccustomed to doing so, but their reluctance began to
change with the arrival of the fertilized queen bees. They realized the importance of having their
hives numbered and keeping records for each one, mainly in terms of the queen’s posture and
colony behavior.” In addition, the coefficient for the improvement in queen bee breeding
practices, while significant, is much smaller than that observed in the Full Package impact,
suggesting that most of the improvement seen in the Full Package vs control group comparison
may be due to the breeding training component, as discussed below. Finally, as shown in Table
12, the effects of the queen bee asset on keeping beehive components in good condition are
positive but not significant, and smaller than those observed for the Partial General Training vs.
control group comparison. This may be explained by these practices being simpler and largely
covered in the general training, such that the provision of the queen bee asset does not have a
large incremental effect.

4. Breeding Training impact (T3-T2): The fourth row of Table 11 and Table 12 show that the breeding
training seems to have an important effect on the adoption of best practices, improving adoption
by 1.5 practices relative to the Queen Bee group, especially those related to queen bee
management and logging apiary activities. Producers receiving the breeding training were 21.8%
more likely to change queen bees annually, 34.1% more likely to breed them, and 42.5% more
likely to keep a record log. The observed increase in the likelihood of queen bee breeding is
particularly important due to the difficulties of obtaining quality queen bees for purchase. In
general, newly introduced queen bees can come from the beekeeper’s own queen breeding
efforts or be purchased from certified hatcheries who select the highest quality strains.™ In
Mexico, however, there are approximately 40 certified hatcheries with a production of around
200,0000 queens annually, which does not satisfy the 2.2 million queens a year needed given the

4 Producers that received the fertilized queen bees were advised and accompanied during the whole process to prepare
the hives where the queens would be introduced, during their introduction, and after the delivery of the queens, to monitor
the behavior of their hives, and observe the level of defensiveness, cleanliness, and productivity of the new queens.

5 In Mexico, selective breeding practices are especially important to control the presence of Africanized bees, which are
generally more defensive, have a higher tendency to swarm, and generate higher management costs and lower honey
production compared to European bees (Gobierno de México, n.d.; Guzman-Novoa et al., 2011).
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country’s number of hives (Food and Agriculture Organization of the United Nations, 2023;
Gobierno de México, n.d.; Guzman-Novoa et al., 2011). Therefore, building the capacity of
producers to breed their own queen bees is key for them to access both the amount and quality
of queens needed for adequate hive management.

7. Extensions

7.1. Heterogeneous effects

Gender. Panel A in Table 13 presents the effect of the overall program (ATE) for women relative to
men on key performance outcomes. For this, we interact the treatment variable with a dummy
indicator for each gender (male and female).' Then, we evaluate if the difference in the coefficients
for treated women and treated men are statistically significant. A priori, it was expected that the
program would have larger impacts for women than for men, as women had often been excluded
from previous interventions. Moreover, it was expected that the introduction of queen bees with
European genetics, less aggressive than Africanized bees, would improve the participation of women
in apiaries and facilitate their work, thus improving their performance more than that of men.
However, our results in Table 13 suggest that the program did not have a conclusive positive effect
for women relative to men."” Although the increase in the number of hives seems to be higher for
women (an increase of 12% relative to men), the results for production and yield suggest that
women’s performance was worse or non-distinguishable from men’s (while the coefficient for kilos
of production is negative and significant, the log specification is not significant, and vice versa for
yield). The lack of conclusive heterogenous effects by gender is supported with several robustness
tests (see Table A 6 in Annex 1). It is worth noting that the lack of significant effects may be because
we have a relatively small sample and women only make up 20% of producers included in the
program.®

Smaller vs. larger producers. Panel B in Table 13 presents the effect of the overall program for
producers who were larger at the beginning of the program on key performance outcomes, defined
as those beekeepers that had a level of production above the median in 2020 (315kg). As shown in
the table, the effect of the program is not statistically different for larger versus smaller producers.

Producers more vs. less affected by floods. Panel C in Table 13 presents the effect of the overall
program for producers who were more affected by floods on key performance outcomes, defined as
those beekeepers that had a level of hives lost due to floods above the median in 2020 (13 hives). As
shown in the table, the effect of the program is not statistically different for more versus less affected
producers.

8 Since most producers in the control group are men (20 men and 1 woman), we do not interact the constant with a dummy
indicator for each gender (to avoid splitting the control group between men and women).

7 No conclusive effects are found for best practices either (not shown, but available from the authors upon request).

8 These results for gender heterogeneity of the program are robust to different specifications. Table A 6 in the Annex shows
no effects on number of hives and yield when comparing women in the Queen Bee plus Full Package groups relative to the
Control plus Partial General Training groups, which allows us to split the comparison group between men and women. For
production, the coefficient for kilos is negative and significant at the 10% level, but the log specification is not).
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7.2.Incremental Effects of Basic Inputs and Queen Bees

In this subsection we attempt to estimate the impact on key performance outcomes using
continuous treatment variables for the (log) amount of basic inputs, basic inputs per hive, and queen
bees received.' The results are presented in Table 14, where each row presents the result of a
separate regression, comparing different dosages of the program components using entropy
balancing weights, calculated using an extension of the entropy method described in Section 5 for
continuous treatment variables (EBCT), as presented in Tubbicke (2022).%° Note we control for the
producers group, thus our estimates capture the effect of an increase in the dosage of a program
component within groups. The corresponding balance tests are presented in Table A 7 in Annex 1,
which show that pre-balancing differences in observables become non-significant in all cases after
using EBCT weights.

As shown in Table 14, marginally increasing the provision of basic inputs or queen bees results in
increases mainly in honey production and yield. Panel A shows that a 1% increase in the amount of
basic inputs received generates a 1.6kg increase in production (although the log specification is not
significant), while measuring the amount of basic inputs relative to the number of hives (shown in
Panel B) suggests that a 1% increase in the amount of basic inputs per hive generates a 12.5%
increase in yield. In terms of queen bees, results shown in Panel C of Table 14 suggest some effect
onyield, although results are not significant in the log specification. The significance found for some
of the log transformation of program components may suggest non-linear effects, where receiving at
least some basic inputs or queen bees has an impact on performance, but with decreasing returns
once producers already have some of these inputs. Table A 8 in Annex 1 shows results using
continuous basic inputs and queen bees (not log transformed), and the effect for basic inputs and
queen bees is now not significant.

7.3. Cost-effectiveness

In this section we assess the cost-effectiveness of the program. The total budget for the program was
US$299,281, which includes the provision of all components (basic inputs, general training, queen
bees, and breeding trainings) as well as budget for evaluation purposes. From this total budget, we
estimate that US$200,148 was spent on providing the program components to the 356 producers
included in our evaluation before the follow-up survey (see Table A9 in Annex 1 for details), of which:
US$141,076 correspond to the basic inputs component, US$36,030 to the provision of general
trainings, US$17,758 to the queen bee asset, and US$5,284 to the provision of breeding trainings.

Considering this budget and the effects on production obtained from our results on the ATT of the
different program components presented in Table 10, we approximate the cost-effectiveness of the
program in Table 15. Assuming a flat cost per producer, we estimate that each US$1 invested in
providing the full package results in an increase of 0.5kg in honey production or US$1.24 in honey
sales. This effect is mostly driven by the provision of the queen bee asset, with a cost-effectiveness
of US$1.37 per dollar invested. Note, however, that this calculation only includes the initial, short-
term increase in production and sales derived from the program. It would be reasonable to expect

9 See Figure 6 for histograms with the distribution of these amounts.
20 Note the standard errors in these results do not consider the two-step procedure, as the teffects ra command in Stata
does not allow for continuous treatment variables.
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that the training components of the program would also have an effect over the long-term, especially
with the improvement in the adoption of best practices discussed in Section 6 that can help build
resilience to future weather shocks.

8. Robustness Checks

8.1. Alternative Methodologies for Balancing Pre-treatment Differences: PSM and IPW

As a robustness check, we re-estimate our main impacts using different matching techniques (PSM
and IPW) as opposed to entropy balance. As in the case of entropy balance, the different groups are
balanced based on pre-treatment values of selected outcomes (hives and production) and on
observable characteristics of the producers in 2020 (such as age, gender, and education). Then, for
each set of comparisons, we keep only the observations on the common support or overlap region
and estimate equation (1) using propensity score or inverse probability weights in each case. AGMM
estimator is used to implement all steps simultaneously, to ensure that standard errors are correct,
by considering that the propensity score and the inverse probability are estimated and have some
variability.?'

The estimation of the ATE on performance outcomes is shown in Table 16, where Panel A presents
our main results discussed in Section 6 using entropy weights, and Panels B and C show the effects
using PSM and IPW, respectively (additional results are presented in the Annex).? Regardless of the
methodology used, results are qualitatively similar, suggesting that our findings are robust and that
the program was effective at improving producers’ performance (number of hives, honey production,
and yields) as well as adoption of best practices.

8.2. Alternative Comparisons Between Groups

As an additional robustness check, Table 17 presents alternative comparisons between groups in
terms of their performance outcomes. Our main results from Section 6 suggest that each treatment
group performed better or at least as well as a group receiving one less program component (see
Table 10; in most cases, between group comparisons are either positive and significant or positive
but not significant). In line with this, we would expect that a group receiving more than one additional
program component relative to another group would also perform better.

In Table 17, the first line compares the Queen Bee group to the control group (T2-C, where the Queen
Bee group received the complete general training and queen bees as additional components relative
to the control group), and the second line compared the Full Package group to the Partial General
Training group (T3-T1, where the Full Package group received the complete general training, queen
bees, and the breeding training compared to the Partial General Training group). In both cases, the
coefficients on performance outcomes are positive and significant, as expected.?

21This is implemented in Stata with the teffects psmatch command for PSM and teffects ipw for IPW.

22 |n addition, Tables A8 — A 15 in Annex 1 present the estimation of the ATT for the different program components on
performance outcomes and the adoption of best practices.

23 Practice adoption results are also positive and significant (not shown, but available from the authors upon request).
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9. Next Steps

The available data allows for additional analysis and extensions that may be completed in the future.
First, producers were given fertilized queen bees from three different certified hatcheries (Elite, in the
state of Nayarit; MAGOC, in the state of Veracruz; and Vallaloid, in the state of Michoacan), and it
may be important to assess if there are heterogenous effects for different sources of queen bees. In
addition, given that the topics covered by the general training varied slightly across locations, it may
be interesting to assess if some training topics were more important than others and whether those
receiving more training topics benefitted more. Finally, robustness tests using the year of treatment
or the provision of queen bees in April 2023 as placebos can be added to strengthen our results.

10. Conclusion

Our results show that a program combining training with asset provision can be effective to improve
the productivity and climate resilience of smallholder beekeepers. Treated beekeepers improved
their productive performance (i.e., number of hives, honey production, and yields) and the adoption
of best practices in hive management substantially more than the control group, who only received
basic inputs. These results are statistically significant at conventional levels and remain qualitatively
unchanged regardless of the approach used to balance differences between groups.

While the different project components appear to have contributed to the overall effectiveness of the
program, the provision of the queen bee asset had the largest impact on productive performance
outcomes. Queen bees not only improved the genetic quality of the bee colony, which is important
for honey production and productivity, but also allowed beekeepers to adopt good practices related
to queen bee management, which were further improved by the provision of the queen bee breeding
training.

Although the general beehive management training and the queen bee breeding training did not
significantly contribute to the improvement of productive outcomes in the short term, they did
improve the adoption of good hive management practices, which are particularly important for long-
term climate resilience. Shifting environmental conditions can alter weather patterns, affecting the
thermal regulation of beehives and the availability of nectar and pollen, as well as contribute to the
spread of diseases and pests affecting bees. Consequently, adopting practices such as
supplemental feeding, sustainable pest control, and breeding of genetically improved queen bees
are key for colony health and long-term climate resilience.

Our findings are important to guide the design of agricultural technical assistance programs,
particularly those focused on apiculture. Investing in comprehensive and cost-effective
interventions, such as the one studied in this paper, should be at the center of broader development
strategies by governments, multilateral development banks, and other institutions aimed at
supporting sustainable agriculture and rural livelihoods. As beekeepers face increasingly frequent
adverse weather events, supporting adaptive practices to build climate resilience will be essential
for ensuring the health and sustainability of bee colonies. This way, we can prolong the beneficial
relationship between bees and their keepers for years to come.
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Tables

Table 1: Summary of Studies Evaluating Agricultural Interventions

Study

Location

Duration of
program
evaluated

Program
components

Effects

Methodology

Training programs

Horner et Ethiopia 1 cropping season  Bottom-up training Farmers treated adopt an additional ~0.5- RCT (n=2,382)
al. (2021) (April-October) alone or combined 0.6 practices (~8-11%) from a complex
with video technology package relative to the control
group; no effects on income oryield 1 year
after training
Baul et al. India 2 cultivation and Bottom-up training ~5-12% increase in output and ~9-24% RCT (n =2,520)
(2023) harvest seasons alone or combined increase in profits for treated producers,
(June-August) with video although not robust to different
specifications
Grimm & Indonesia 3 days Hands-on training ~8-13% increase in organic input adoption RCT (n=1,149)
Luck (2020) for treated producers; improvements in
knowledge and perceptions
Kondylis et Mozambique Two 3-day Augmentation of on- 18% increase in adoption of new RCT (n=347)
al. (2017) trainings going training with technology for treated farmers
direct training of new
technology
Wonde et Ethiopia 1 cropping season  Training and 27% increase in wheatyield, 10% increase Cross-sectional
al. (2022) certification in maize yield, 20% increase in maize data using PSM (n =

income for treated producers

401)

Input provision programs

Gignoux et Haiti One-time package Inputsubsidies 36% reduction inyield, 28% decrease in RCT (n=515)

al. (2022) of vouchers fertilizer use for treated producers

Carteretal. Mozambique One-time package Inputsubsidies 23% increase in yield, persistent after RCT (n=514)
(2021) of vouchers program ends

Hemming et India, Malawi, Mali, Varied Input subsidies Positive effects on adoption of inputs (0.23 Meta-evaluation of
al. (2018) Mozambique, Nigeria, SD), productivity (0.11 SD), and farm 15 studies using

Tanzania, Zambia

income (0.17 SD)

experimental and
quasi experimental
methods
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Jayne et al. Ghana, Nigeria, Varied
(2018) Kenya, Tanzania,

Malawi, Zambia,

Ethiopia

Input subsidies

Improvements in yields and production
levels, but overall welfare effects are
limited

Review of 72 studies
using experimental
and quasi
experimental
methods

Training and input provision alone or combined

Nankhuni &  Africa, Asia, Latin Varied
Paniagua America
(2013)

Varied: training (top-
down and bottom-
up), credit and grants
of inputs, or
combination of both

Positive effects are generally found in
knowledge, and technology adoption;
impacts on production and productivity
tend to be mixed; no effects are generally
found in terms of poverty reduction; most
successful programs provide training
combined with provision of credit or in-kind
inputs

Meta-evaluation of
65 studies using
experimental and
quasi experimental
methods
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Table 2: Descriptive Statistics

Variable Mean SD Min Max Median
Producer characteristics

Age 44.9 14.6 18 90 43.0
Post primary education (= 1) 0.3 0.5 0 1 0.0
Women (= 1) 0.2 0.4 0 1 0.0
Productive outcomes

Participation in general trainings (#) 10.8 4.2 0 14 13.0
Participation in queen bee trainings (#) 0.8 1.1 0 3 0.0
Basic inputs delivered (US$) 395.6 172.1 47 807 420.9
Basic inputs delivered per hive (US$/hive) 32.0 35.7 1 458 23.7
Queen bees received (#) 5.3 3.3 0 14 7.0
Hives 2020 (#) 22.1 26.4 1 250 16.0
Hives 2022 (#) 31.8 29.6 3 279 25.0
Production 2020 (kg) 490.0 654.5 16 5250 315.0
Production 2022 (kg) 886.8 989.1 0 7755 634.0
Yield 2020 (kg/hive, capped at 100) 22.6 13.4 0 100 21.0
Yield 2022 (kg/hive, capped at 100) 27.2 14.3 0 100 26.0
Adoption of best practices

Practices 2020 (0-9) 2.8 2.1 0 8 2.0
Practices 2022 (0-9) 6.7 2.0 0 9 7.0
Annual change of queen bees 2020 (= 1) 0.4 0.5 0 1 0.0
Annual change of queen bees 2022 (= 1) 0.7 0.4 0 1 1.0
Breeds queen bees 2020 (= 1) 0.2 0.4 0 1 0.0
Breeds queen bees 2022 (= 1) 0.5 0.5 0 1 0.0
Keeps record log 2020 (= 1) 0.0 0.1 0 1 0.0
Keeps record log 2022 (= 1) 0.5 0.5 0 1 1.0
Supplemented feeding 2020 (= 1) 0.3 0.4 0 1 0.0
Supplemented feeding 2022 (= 1) 0.4 0.5 0 1 0.0
Sustainable pest control 2020 (= 1) 0.6 0.5 0 1 1.0
Sustainable pest control 2022 (= 1) 0.8 0.4 0 1 1.0
Good condition of brood chambers 2020 (= 1) 0.2 0.4 0 1 0.0
Good condition of brood chambers 2022 (= 1) 0.9 0.3 0 1 1.0
Good condition of honey suppers 2020 (= 1) 0.3 0.4 0 1 0.0
Good condition of honey suppers 2022 (= 1) 0.9 0.3 0 1 1.0
Good condition of outer covers 2020 (= 1) 0.5 0.5 0 1 0.0
Good condition of outer covers 2022 (= 1) 0.9 0.2 0 1 1.0
Good condition of brood frames 2020 (= 1) 0.3 0.4 0 1 0.0
Good condition of brood frames 2022 (= 1) 0.9 0.3 0 1 1.0
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Table 3: Program Components Received, by Group

Basic inputs

Participation

Queen bees

Participation

delivered in general received in queen bee
(US$) training (#) (#) training (#)
Control group (C): 21 producers
Mean 312 0 0 0
Total 6,557 0 0
Treated group (T): 335 producers
Mean 401 12 6 1
Total 134,289 3,854 1,894 289
Partial General Training group (T1): 61 producers
Mean 110 5 0 0
Total 6,739 296 0 0
Queen Bee group (T2): 122 producers
Mean 428 13 6 0
Total 52,260 1,652 760 0
Full Package group (T3): 152 producers
Mean 495 13 7 2
Total 75,290 2,006 1,134 289
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Table 4: Mean of Characteristics, by Group

(T1)
Variable (C) (M Partial Q(uTj(z,n gusl)l
Control Treated General
Training Bee Package
Producer characteristics
Age 55.3 44.3 46.9 43.6 43.8
Post primary education (= 1) 0.5 0.3 0.2 0.3 0.4
Women (= 1) 0.0 0.2 0.2 0.3 0.1
Productive outcomes
Hives 2020 (#) 21.5 22.1 18.8 25.4 20.8
Hives 2022 (#) 24.0 32.2 24.4 36.5 32.0
Production 2020 (kg) 497.4 489.5 275.1 570.5 510.6
Production 2022 (kg) 625.8 903.1 4311 1034.7 987.0
Yield 2020 (kg/hive, capped at 100) 22.7 22.5 15.5 22.7 25.2
Yield 2022 (kg/hive, capped at 100) 25.6 27.3 18.4 27.5 30.6
Adoption of best practices
Practices 2020 (0-9) 3.4 2.7 2.3 2.9 2.7
Practices 2022 (0-9) 4.8 6.8 4.2 6.8 7.8
Annual change of queen bees 2020 (= 1) 0.5 0.4 0.3 0.5 0.4
Annual change of queen bees 2022 (= 1) 0.4 0.8 0.3 0.8 0.9
Breeds queen bees 2020 (= 1) 0.2 0.2 0.1 0.3 0.2
Breeds queen bees 2022 (= 1) 0.2 0.5 0.1 0.4 0.7
Keeps record log 2020 (= 1) 0.1 0.0 0.0 0.0 0.0
Keeps record log 2022 (= 1) 0.1 0.6 0.1 0.6 0.8
Supplemented feeding 2020 (= 1) 0.4 0.3 0.1 0.3 0.3
Supplemented feeding 2022 (= 1) 0.4 0.4 0.1 0.4 0.6
Sustainable pest control 2020 (= 1) 0.2 0.6 0.6 0.5 0.6
Sustainable pest control 2022 (= 1) 0.3 0.8 0.7 0.8 0.9
Good condition of brood chambers 2020 (= 1) 0.3 0.2 0.2 0.2 0.2
Good condition of brood chambers 2022 (= 1) 0.8 0.9 0.7 1.0 1.0
Good condition of honey suppers 2020 (= 1) 0.4 0.2 0.3 0.2 0.2
Good condition of honey suppers 2022 (= 1) 0.8 0.9 0.8 1.0 1.0
Good condition of outer covers 2020 (= 1) 0.6 0.5 0.4 0.5 0.5
Good condition of outer covers 2022 (= 1) 0.8 0.9 0.8 1.0 1.0
Good condition of brood frames 2020 (= 1) 0.6 0.3 0.2 0.3 0.3
Good condition of brood frames 2022 (= 1) 0.9 0.9 0.8 0.9 1.0
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Table 5: Before and After on Performance

(1) (2) (3) (4) (5) (6)
Hives Ln(Hives) kg Ln(kg) Yield Ln(Yield)
All producers
Post=1 x All=1 9.699***  0.499***  396.791*** 0.699*** 4.609*** (0.208***
(2.100) (0.055) (62.861) (0.071) (1.038) (0.046)
Observations 712 712 712 711 712 711
Control group (C)
Post=1 x Control=1 2.476 0.124 128.333 0.244 2.905 0.120
(2.571) (0.118) (98.328) (0.155) (2.287) (0.094)
42 42 42 42 42 42
Treated group (T)
Post=1 x Treated=1 10.152***  0.523***  413.620*** 0.728*** 4.715*** (0.213***
(2.224) (0.058) (66.433) (0.075) (1.094) (0.049)
670 670 670 669 670 669
Partial General Training group (T1)
Post=1 x Partial General 5.623 0.364** 156.008 0.598*** 2.941 0.246*
Training=1
(4.626) (0.145) (106.198) (0.182) (2.501) (0.140)
122 122 122 121 122 121
Queen Bee group (T2)
Post=1 x Queen bee =1 11.107**  0.542***  464.130*** 0.741*** 4.720*** 0.197**
(4.830) (0.100) (141.353) (0.126) (1.686) (0.083)
244 244 244 244 244 244
Full Package group (T3)
Post=1 x Full Package=1 11.204***  0.571***  476.463*** 0.764*** 5.423*** (0.210***
(2.308) (0.077) (77.297) (0.089) (1.596) (0.052)
304 304 304 304 304 304

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on before-and-after comparison; robust SE in parentheses.
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Table 6: Balance Test of Ex-ante Covariates

Panel A: Treated vs Control (T-C)

Variable

Before balancing

Entropy balancing

Dif. P-value Dif. P-value
Producer characteristics
Age -11.06*** (0.001) -10.76 (0.370)
Post-primary education (= 1) -0.21** (0.050) -0.19 (0.378)
Women (= 1) 0.16* (0.073) 0.12 (0.202)
Hives lost due to floods (#) 4.58 (0.429) 4.76 (0.326)
Lagged and baseline productive
outcomes
2016 hives (#) -2.78 (0.787) 5.50 (0.632)
2017 hives (#) -0.54 (0.956) 4.28 (0.670)
2018 hives (#) -12.56 (0.177) 2.78 (0.795)
2019 hives (#) -11.88 (0.406) 1.45 (0.911)
2020 hives (#) 0.56 (0.925) 5.07 (0.144)
Ln(2020 hives) -0.28 (0.129) -0.06 (0.735)
2016 production (kg) -497.51* (0.062) -381.59 (0.482)
2017 production (kg) -498.40** (0.045) -469.53 (0.385)
2018 production (kg) -929.57*** (0.000) -502.70 (0.261)
2019 production (kg) -1016.57*** (0.000) -691.85 (0.152)
2020 production (kg) -7.91 (0.957) 106.93 (0.346)
Ln(2020 production) -0.39* (0.079) -0.11 (0.597)
2020 yield (kg/hive, capped at 100) -0.17 (0.956) 1.08 (0.639)
Ln(2020 yield) -0.13 (0.373) -0.07 (0.496)
Baseline best practices outcomes
Practices (0-9) -0.70 (0.130) -0.20 (0.729)
Annual change of queen bees (= 1) -0.08 (0.465) -0.07 (0.747)
Queen bee breeding (= 1) -0.01 (0.956) 0.12 (0.246)
Keeps record log (= 1) -0.09*** (0.000) -0.11 (0.267)
Supplemented feeding (= 1) -0.16 (0.106) -0.27 (0.206)
Good condition of brood chambers (= 1) -0.12 (0.193) 0.05 (0.585)
Good condition of honey suppers (= 1) -0.19* (0.056) 0.04 (0.748)
Good condition of outer covers (= 1) -0.08 (0.468) -0.07 (0.758)
Good condition of brood frames (= 1) -0.32*** (0.001) -0.31 (0.153)

Producers

356

261
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Panel B: Full Package vs Control (T3-C)

Before balancing Entropy balancing

Variable Dif. P-value Dif. P-value
Producer characteristics

Age -11.57*** (0.001) -8.30 (0.417)
Post-primary education (= 1) -0.12 (0.316) -0.14 (0.468)
Women (= 1) 0.09 (0.246) 0.07 (0.414)
Hives lost due to floods (#) 2.77 (0.437) 4.10 (0.363)
Lagged and baseline productive

outcomes

2016 hives (#) -3.97 (0.676) 3.02 (0.778)
2017 hives (#) -1.88 (0.830) 1.74 (0.859)
2018 hives (#) -13.04 (0.157) 0.70 (0.946)
2019 hives (#) -7.51 (0.697) 4.92 (0.735)
2020 hives (#) -0.73 (0.860) 3.11 (0.406)
Ln(2020 hives) -0.25 (0.150) -0.05 (0.799)
2016 production (kg) -475.92* (0.057) -301.83 (0.455)
2017 production (kg) -479.00* (0.052) -466.28 (0.285)
2018 production (kg) -897.86*** (0.000) -487.67 (0.197)
2019 production (kg) -981.27*** (0.000) -705.26 (0.119)
2020 production (kg) 13.12 (0.909) 78.01 (0.534)
Ln(2020 production) -0.18 (0.347) 0.00 (0.986)
2020 yield (kg/hive, capped at 100) 2.51 (0.424) 2.04 (0.413)
Ln(2020 yield) 0.04 (0.690) 0.02 (0.863)
Baseline best practices outcomes

Practices (0-9) -0.69 (0.140) -0.19 (0.739)
Annual change of queen bees (= 1) -0.11 (0.345) -0.08 (0.689)
Queen bee breeding (= 1) -0.01 (0.883) 0.11 (0.257)
Keeps record log (= 1) -0.10*** (0.000) -0.11 (0.197)
Supplemented feeding (= 1) -0.15 (0.174) -0.25 (0.184)
Good condition of brood chambers (= 1) -0.11 (0.271) 0.04 (0.677)
Good condition of honey suppers (= 1) -0.20** (0.042) 0.01 (0.892)
Good condition of outer covers (= 1) -0.08 (0.470) -0.09 (0.635)
Good condition of brood frames (= 1) -0.31*** (0.004) -0.28 (0.151)
Producers 173 121
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Partial General Training vs Control (T1-C)

Before balancing

Entropy balancing

Variable Dif. P-value Dif. P-value
Producer characteristics

Age -8.48** (0.031) -9.00 (0.543)
Post-primary education (= 1) -0.33*** (0.004) -0.29 (0.279)
Women (= 1) 0.12 (0.182) 0.08 (0.341)
Hives lost due to floods (#) 8.84 (0.397) 4.08 (0.520)
Lagged and baseline productive

outcomes

2016 hives (#) -13.09 (0.154) -0.89 (0.941)
2017 hives (#) -10.24 (0.242) -1.36 (0.897)
2018 hives (#) -23.04** (0.010) -3.82 (0.734)
2019 hives (#) -23.67** (0.011) -6.07 (0.657)
2020 hives (#) -2.75 (0.619) 1.53 (0.699)
Ln(2020 hives) -0.47** (0.018) -0.22 (0.273)
2016 production (kg) -631.96** (0.032) -404.88 (0.481)
2017 production (kg) -645.73** (0.017) -425.57 (0.437)
2018 production (kg) -1068.04*** (0.000) -450.41 (0.321)
2019 production (kg) -1145.60*** (0.000) -566.23 (0.236)
2020 production (kg) -222.32* (0.075) -4.85 (0.967)
Ln(2020 production) -1.07*** (0.000) -0.53** (0.015)
2020 yield (kg/hive, capped at 100) -7.24** (0.022) -2.59 (0.385)
Ln(2020 yield) -0.60*** (0.002) -0.31** (0.020)
Baseline best practices outcomes

Practices (0-9) -1.13* (0.055) -0.67 (0.340)
Annual change of queen bees (= 1) -0.21* (0.083) -0.23 (0.385)
Queen bee breeding (= 1) -0.09 (0.348) 0.04 (0.740)
Keeps record log (= 1) -0.10** (0.014) -0.08 (0.267)
Supplemented feeding (= 1) -0.28*** (0.007) -0.37 (0.160)
Good condition of brood chambers (= 1) -0.15 (0.148) 0.04 (0.734)
Good condition of honey suppers (= 1) -0.15 (0.208) 0.03 (0.811)
Good condition of outer covers (= 1) -0.15 (0.255) -0.16 (0.562)
Good condition of brood frames (= 1) -0.36*** (0.002) -0.35 (0.185)
Producers 82 60
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Panel D: Queen Bee vs Partial General Training (T2-T1)

Variable

Before balancing

Entropy balancing

Dif. P-value Dif. P-value
Producer characteristics
Age -3.22 (0.138) -1.07 (0.670)
Post-primary education (= 1) 0.07 (0.331) 0.00 (0.980)
Women (= 1) 0.16** (0.025) 0.07 (0.506)
Hives lost due to floods (#) -4.10 (0.430) 1.23 (0.790)
Lagged and baseline productive
outcomes
2016 hives (#) 16.09* (0.050) 5.97 (0.491)
2017 hives (#) 15.41** (0.047) 6.25 (0.430)
2018 hives (#) 15.95** (0.020) 9.93 (0.211)
2019 hives (#) 12.33** (0.050) 6.73 (0.401)
2020 hives (#) 6.59 (0.197) 4.14 (0.621)
Ln(2020 hives) 0.26* (0.063) 0.15 (0.485)
2016 production (kg) 169.53 (0.431) -0.04 (1.000)
2017 production (kg) 190.58 (0.322) 75.22 (0.680)
2018 production (kg) 166.71 (0.121) 6.40 (0.969)
2019 production (kg) 148.10 (0.178) -48.30 (0.787)
2020 production (kg) 295.41** (0.015) 199.46 (0.108)
Ln(2020 production) 0.76%** (0.000) 0.21 (0.322)
2020 yield (kg/hive, capped at 100) 7.28%** (0.000) 1.77 (0.501)
Ln(2020 yield) 0.50*** (0.000) 0.05 (0.695)
Baseline best practices outcomes
Practices (0-9) 0.64* (0.052) 0.53 (0.334)
Annual change of queen bees (= 1) 0.23*** (0.003) 0.20 (0.127)
Queen bee breeding (= 1) 0.14** (0.038) 0.15* (0.093)
Keeps record log (= 1) 0.02 (0.317) 0.02 (0.158)
Supplemented feeding (= 1) 0.16** (0.022) 0.24*** (0.004)
Good condition of brood chambers (= 1) 0.03 (0.605) -0.03 (0.772)
Good condition of honey suppers (= 1) -0.03 (0.634) -0.06 (0.634)
Good condition of outer covers (= 1) 0.10 (0.212) 0.03 (0.822)
Good condition of brood frames (= 1) 0.05 (0.469) -0.02 (0.867)

Producers

183

140

31



Panel E: Full Package vs Queen Bee (T3-T2)

. Before balancing Entropy balancing
Variable Dif. P-value Dif. P-value
Producer characteristics
Age 0.13 (0.939) 0.31 (0.898)
Post-primary education (= 1) 0.15** (0.012) 0.00 (0.983)
Women (= 1) -0.18*** (0.000) -0.00 (0.949)
Hives lost due to floods (#) -1.96 (0.401) -0.05 (0.984)
Lagged and baseline productive
outcomes
2016 hives (#) -6.97 (0.253) -0.16 (0.975)
2017 hives (#) -7.05 (0.216) -1.58 (0.770)
2018 hives (#) -5.95 (0.264) 0.16 (0.977)
2019 hives (#) 3.83 (0.652) 7.94 (0.430)
2020 hives (#) -4.57 (0.174) -3.41 (0.415)
Ln(2020 hives) -0.04 (0.726) -0.04 (0.787)
2016 production (kg) -13.49 (0.930) 96.05 (0.390)
2017 production (kg) -23.84 (0.868) 59.31 (0.575)
2018 production (kg) 3.47 (0.969) 99.90 (0.253)
2019 production (kg) 16.24 (0.861) 91.80 (0.348)
2020 production (kg) -59.97 (0.475) -200.45 (0.239)
Ln(2020 production) 0.14 (0.230) 0.00 (0.989)
2020 yield (kg/hive, capped at 100) 2.47 (0.127) 0.03 (0.988)
Ln(2020 yield) 0.15** (0.034) 0.01 (0.836)
Baseline best practices outcomes
Practices (0-9) -0.20 (0.408) 0.10 (0.777)
Annual change of queen bees (= 1) -0.13** (0.037) -0.05 (0.556)
Queen bee breeding (= 1) -0.06 (0.233) -0.01 (0.919)
Keeps record log (= 1) -0.02 (0.114) -0.04 (0.251)
Supplemented feeding (= 1) -0.02 (0.713) -0.04 (0.646)
Good condition of brood chambers (= 1) 0.01 (0.834) 0.02 (0.707)
Good condition of honey suppers (= 1) -0.02 (0.667) -0.01 (0.877)
Good condition of outer covers (= 1) -0.04 (0.536) 0.00 (1.000)
Good condition of brood frames (= 1) 0.00 (0.987) 0.08 (0.217)
Producers 274 201

Notes: * p<0.10, ** p<0.05, *** p<0.01. Differences of treated minus control group means for each comparison, P-values in parentheses.
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Table 7: Main Results on Performance - ATE

(1) (2) (3) (4) (5) (6)

Hives Ln(Hives) kg Ln(kg) Yield Ln(Yield)
ATE (T-C)
Treated=1 vs. 4.954%** 0.203***  245.754***  (0.303*** 2.250* 0.108**
Control=1 (0.655) (0.078) (62.406) (0.047) (1.555) (0.057)
Observations 261 261 261 260 261 260
S\f’e”r:gé group 18.4 2.8 428.3 5.9 22 3.1

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at
the locality level in parentheses; P-values corrected for multiple hypothesis testing. Pre-treatment control group average is calculated
using entropy weights.

Table 8: Main Results on Adoption of Practices Index and Queen Bee-related Individual
Practices - ATE

(1) (2) (3) (4) (5)
Practices Practices Change Breed queen Record log
(dummy) (0-9) queen
ATE (T-C)
Treated=1 vs. 0.059* 3.051*** 0.281*** 0.213*** 0.533***
Control=1 (0.052) (0.380) (0.069) (0.081) (0.081)
Observations 261 261 261 261 261
g\f’e”r:g;gm“p 0.96 2.91 0.56 0.13 0.11

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at
the locality level in parentheses; P-values corrected for multiple hypothesis testing. Pre-treatment control group average is calculated
using entropy weights.
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Table 9: Main Results on Adoption of Other Ind

ividual Practices - ATE

(1) (2) (3) (4) (5) (6)
Supplemented Sustainable Brood Honey Quter Brood
feeding pest chambers  suppers covers frames
control
ATE (T-C)
Treated=1 vs. 0.230** 0.188*** 0.254***  0.275***  0.456*** 0.621***
Control=1 (0.121) (0.081) (0.066) (0.087) (0.078) (0.154)
Observations 261 261 261 261 261 261
Control group 0.57 0.15 0.13 0.18 0.52 0.55
average

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at
the locality level in parentheses; P-values corrected for multiple hypothesis testing. Pre-treatment control group average is calculated

using entropy weights.

Table 10: Main Results on Performance - ATT

(1) (2) (3) (4) (5) (6)
Hives Ln(Hives) kg Ln(kg) Yield Ln(Yield)
Full Package impact (T3-C)
Full Package=1 vs. 6.116***  0.243*** 299.986*** (.333*** 2.641 0.105
Control=1 (1.018) (0.070) (70.364) (0.079) (2.067) (0.079)
Observations 121 121 121 121 121 121
Partial General Training impact (T1-C)
Partial General 0.279 0.053 23.975 0.182 1.362 0.143
Training=1vs. Control=1 (1 468) (0.061) (58.242) (0.174) (1.904)  (0.142)
60 60 60 59 60 59
Queen Bee impact (T2-T1)
Queen Bee=1vs. Partial  5.551*** 0.175 310.899** 0.265 2.824 0.071
General Training=1 (1.543)  (0.084)  (123.278)  (0.138)  (2.048)  (0.150)
140 140 140 139 140 139
Breeding Training impact (T3-T2)
Full Package=1 vs. 0.842 0.034 -10.493 0.043 0.684 0.028
Queen Bee=1 (1.637) (0.083) (145.235) (0.103) (1.370) (0.049)
201 201 201 201 201 201

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at
the locality level in parentheses; P-values corrected for multiple hypothesis testing.
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Table 11: Main Results on Adoption of Practices Index and Queen Bee-related Individual
Practices- ATT

(1) (2) (3) (4) (5)
Practices Practices Change Breed Record log
(dummy) (0-9) queen queen
Full Package impact (T3-C)
Full Package=1 vs. 0.012 3.923*** 0.489*** 0.462*** 0.779***
Control=1 (0.056) (0.504) (0.087) (0.106) (0.088)
Observations 121 121 121 121 121
Partial General Training impact (T1-C)
Partial General 0.190** 1.5071*** -0.007 -0.093** 0.070*
Training=1vs. (0.081) (0.410) (0.069) (0.042) (0.049)
Control=1 60 60 60 60 60
Queen Bee impact (T2-T1)
Queen Bee=1 vs. -0.079 1.706** 0.214*** 0.171** 0.434***
Partial General (0.074) (0.699) (0.078) (0.081) (0.135)
Training=1 140 140 140 140 140
Breeding Training impact (T3-T2)
Full Package=1 vs. -0.021 1.513*** 0.218** 0.341*** 0.425***
Queen Bee=1 (0.061) (0.556) (0.120) (0.105) (0.108)
201 201 201 201 201

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at
the locality level in parentheses; P-values corrected for multiple hypothesis testing.
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Table 12: Main Results on Adoption of Other Individual Practices - ATT

(1) (2) (3) (4) (5) (6)
Supplemented Sustainable Brood Honey Quter Brood
feeding pestcontrol chambers suppers covers frames
Full Package impact (T3-C)
Full Package=1 0.415** 0.192** 0.278**  0.303**  0.415*** (,591***
vs. Control=1 (0.151) (0.091) (0.095)  (0.106)  (0.107)  (0.141)
Observations 121 121 121 121 121 121
Partial General Training impact (T1-C)
Partial General -0.055 0.075 0.193***  0.222**  0.491*** (0.606***
Training=1vs. (0.075) (0.095) (0.045) (0.083)  (0.121)  (0.101)
Control=1 60 60 60 60 60 60
Queen Bee impact (T2-T1)
Queen Bee=1vs. 0.104 0.137 0.180 0.197 0.111 0.159
Partial General (0.085) (0.215) (0.146) (0.170)  (0.113)  (0.145)
Training=1 140 140 140 140 140 140
Breeding Training impact (T3-T2)
Full Package=1 0.285** 0.018 0.060 0.092 0.072 0.004
vs. Queen Bee=1 (0.112) (0.090) (0.084) (0.066)  (0.105)  (0.084)
201 201 201 201 201 201

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at
the locality level in parentheses; P-values corrected for multiple hypothesis testing.
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Table 13: Heterogeneous Effects by Gender, Producer Size, and Hive Loss due to Floods

(1) (2) (3) (4) (5) (6)
Hives Ln(Hives) kg Ln(kg) Yield Ln(Yield)
Panel A: Women vs men
Women =1 1.715** 0.122* -64.699* 0.030 -1.226 -0.090~
(0.580) (0.056) (36.437) (0.053) (0.903) (0.041)
Observations 261 261 261 260 261 260
Panel B: High vs low initial production
High initial 3.607 -0.035 184.478 -0.181 -2.301 -0.140
production=1
(1.770) (0.082) (121.832) (0.140) (1.922) (0.081)
261 261 261 260 261 260
Panel C: High vs low initial loss of hives
High initial loss 1.935 0.044 227.857 0.108 1.870 0.076
of hives=1
(1.464) (0.150) (80.680) (0.134) (1.515) (0.059)
261 261 261 260 261 260

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at
the locality level in parentheses; P-values corrected for multiple hypothesis testing.
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Table 14: Incremental Effects of Basic Inputs and Queen Bees Delivered

(1) (2) (4) (5) (6)
Hives  Ln(Hives) Ln(kg) Yield Ln(Yield)
Panel A: Basic inputs
Ln(Basic inputs delivered — US$) 2.719 0.091 1565.585* 0.204 2.483 0.099
(1.372) (0.051) (51.528) (0.123) (1.103) (0.098)
Observations 261 261 260 261 260
Panel B: Basic inputs per hive
Ln(Basic inputs delivered per -1.719 0.013 7.540 0.138 3.265** 0.125*
hive- US$/hive) (3.274)  (0.116)  (90.046) (0.132) (0.718)  (0.042)
261 261 260 261 260
Panel C: Queen bees
Ln(Queen bees delivered - # + 1) 1.833 0.054 120.345 0.139 2.040* 0.079
(1.339) (0.038) (49.922) (0.081) (0.660) (0.059)
261 261 260 261 260

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at

the locality level in parentheses; P-values corrected for multiple hypothesis testing.
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Table 15: Cost-effectiveness Calculations

(1) (2) (3) (4) (5) (6)=(4) (7)=(5)
/(3) /(3)
Program Budget Producers  Cost per Effect on Effecton Increasein Increase
component (US$) receiving producer production salesper production inhoney
each (#) (US$)* per producer perUS$1 sales per
producer (US$2.5 (kg) US$1
(kg) per kg)
Basic $141,076 356 $396 - - - -
Inputs
Partial
general $36,030 335 $504 24.0 $59.9 0.05 $0.12
training
S::e” $17,758 274 $569 310.9 $777.2 0.55 $1.37
Breeding $5,284 152 $603 0.0 - - ]
training
Full
$200,148 $603 300.0 $750.0 0.5 $1.24
package

Notes: *The cost per producer for each program component considers that the producer has also received the previous program
components, e.g., a producer receiving the full package received $396 in basic inputs (total budget for that component, $141,076 divided
by producers receiving that component, 356), $108 in general training, $65 in queen bees, and $35 in breeding training, adding up to $603.
Effects on production are obtained from our entropy balancing results. No effect is assumed for the breeding training component
(coefficient was negative but not significant). Effects on sales are calculated using the average price received by beekeepers in the 2022
campaign (US$2.5 per kg of honey). Basic inputs budget also includes US$230 in inputs delivered directly to the bulking centers.
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Table 16: Comparison of Entropy Balancing Results with PSM and IPW - ATE

(1) (2) (3) (4) (5) (6)
Hives Ln(Hives) kg Ln(kg) Yield Ln(Yield)
Panel A: Entropy
Treated=1 vs. 4.954*** 0.203***  245.754***  (0.303*** 2.250* 0.108**
Control=1 (0.655) (0.078) (62.406) (0.047) (1.555) (0.057)
Observations 261 261 261 260 261 260
Panel B: IPW
9.884*** 0.535*** 267.549** 0.614*** 1.224* 0.089**
Treated=1 vs. .
Control=1
(1.418) (0.091) (60.840) (0.125) (1.321) (0.047)
316 316 316 315 316 315
Panel C: PSM
Treated=1 vs. 12.559** 0.665** 366.497** 0.746** 2.140 0.090**
Control=1
Two-step (4.262) (0.233) (172.137) (0.279) (1.996) (0.051)
correct SE
Clustered SE (3.995) (0.212) (138.246) (0.251) (1.526) (0.058)
286 286 286 286 286 286

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing, PSM and IPW;
SE clustered at the locality level in parentheses (for PSM, two-step correct SE and clustered SE cannot be calculated at the same time
using teffects psmatch in Stata, thus both are presented separately in the table); P-values corrected for multiple hypothesis testing.

Table 17: Alternative Comparisons Between Groups

(1) (2) (3) (4) (5) (6)

Hives Ln(Hives) kg Ln(kg) Yield Ln(Yield)
Queen Bee vs Control (T2-C)
Queen Bee=1vs. 5.902***  0.239**  279.387***  0.330*** 1.981* 0.089*
Control=1 (1.058) (0.116) (116.989) (0.079) (1.850) (0.094)
Observations 114 114 114 114 114 114
Full Package vs Partial General Training (T3-T1)
Full Package=1 vs. 8.037***  0.337***  411.962*** 0.522***  5510***  (0.199***
Partial General
Training=1 (1.259) (0.049) (65.571) (0.081) (1.286) (0.063)

147 147 147 146 147 146

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at
the locality level in parentheses; P-values corrected for multiple hypothesis testing.
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Figures

Figure 1: Program Timeline
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Figure 3: Vertical Logic
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Figure 5: Treatment Groups and Program Components
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Figure 6: Histograms of Inputs Delivered
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Annex

Annex 1: Additional Tables

Table A 1 presents difference-in-differences estimates that compare the changes over time in key
outcome variables between the different sub-samples, while also using year and producer fixed
effects. Each row presents the marginal effects for a different comparison. The first row compares
the performance of the Full Package group versus the control group (which would give us the effect
of the full package of general training, queen bee asset, and breeding training), while the remaining
rows compare additional groups (in line with Figure 1 above). As one would expect, the first row
indicates that the increases in hives, production and yield for the Full Package group are large and
significant when compared to the control group. However, contrary to what would be expected,
partial participation in the general training also appears to have substantial impacts, suggesting that
there may be important differences across groups that need to be controlled for. Tables A 2-5 in
Annex 1 present the before-and-after and difference-in-differences results for the adoption of key
practices.

Table A 1: Difference-in-Differences on Performance

(1) (2) (3) (4) () (6)
Hives  Ln(Hives) kg Ln(kg) Yield Ln(Yield)

Full Package impact (T3-C)
Post=1 x Full Package=1 vs. 8.728*** 0.448***  348.129*** 0.520***  2.519*** 0.089**

Post=1 x Control=1 (1.362) (0.066) (48.017) (0.079) (0.974) (0.035)
Observations 712 712 712 710 712 710
Partial General Training impact (T1-C)
Post=1 x Partial General 3.147*%%  0.241%%* 27.675  0.356***  0.037 0.126*
Training=1vs. Post=1Xx (1.591) (0.076) (44.400) (0.101) (1.056) (0.069)
Control=1 712 712 712 710 712 710
Queen Bee impact (T2-T1)
Post=1x Queen Bee=1vs.  5.484***  0.177***  308.122***  0.141 1.779 -0.049
Post=1 x Partial General (1.259) (0.066) (53.575) (0.096) (1.142) (0.078)
Training=1 712 712 712 710 712 710
Breeding Training impact (T3-T2)
Post=1 x Full Package=1 0.097 0.030 12.332 0.023 0.703 0.012
vs. Post=1x Queen Bee=1 (0.955) (0.054) (56.609) (0.072) (1.066) (0.050)
712 712 712 710 712 710

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Difference-in-Differences; robust SE in parentheses.
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Table A 2: Before and After for Adoption of Practices Index and Queen Bee-related Individual

Practices
(1) (2) (3) (4) (5)
Practices Practices Change Breed Record log
(dummy) (0-9) queen queen
All producers
Post=1 x All=1 0.101™ 3.890™ 0.298" 0.236™ 0.528"
(0.017) (0.153) (0.035) (0.035) (0.027)
Observations 712 712 712 712 712
Control group (C)
Post=1 x Control=1 0.143" 1.381" -0.095 0.000 0.000
(0.078) (0.663) (0.157) (0.135) (0.093)
42 42 42 42 42
Treated group (T)
Post=1 x Treated=1 0.099™ 4.048™ 0.322" 0.251™ 0.561™"
(0.017) (0.155) (0.036) (0.036) (0.027)
670 670 670 670 670
Partial General Training group (T1)
Post=1 x Partial General 0.164™ 1.934™ 0.016 -0.082 0.066"
Training=1 (0.056) (0.375) (0.085) (0.056) (0.032)
122 122 122 122 122
Queen Bee group (T2)
Post=1 x Queen bee=1 0.074™ 3.828™ 0.238™ 0.107" 0.549™
(0.024) (0.231) (0.059) (0.061) (0.047)
244 244 244 244 244
Full Package group (T3)
Post=1 x Full Package=1 0.092™ 5.072"" 0.513™ 0.500™ 0.770™
(0.024) (0.189) (0.045) (0.050) (0.034)
304 304 304 304 304

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on before-and-after comparison; robust SE in parentheses.
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Table A 3: Before and After for Adoption of Other Individual Practices

(1) (2) (3) (4) (5) (6)
Supplemented Sustainable Brood Honey Quter Brood
feeding pest chambers suppers covers frames
control
All producers
Post=1 x All=1 0.160™" 0.213™ 0.699™"  0.669™ 0.441™ 0.646™
(0.035) (0.034) (0.026) (0.027) (0.030) (0.028)
Observations 712 712 712 712 712 712
Control group (C)
Post=1 x Control=1 0.000 0.095 0.476™  0.381"" 0.238" 0.286"
(0.156) (0.142) (0.137) (0.141) (0.141) (0.136)
42 42 42 42 42 42
Treated group (T)
Post=1 x Treated=1 0.170™ 0.221™ 0.713""  0.687"" 0.454™ 0.669™
(0.036) (0.035) (0.027) (0.027) (0.030) (0.028)
670 670 670 670 670 670
Partial General Training group (T1)
Post=1 x Partial -0.049 0.066 0.557""  0.475™ 0.344™ 0.541™
General Training=1 (0.060) (0.088) (0.075) (0.080) (0.084) (0.077)
122 122 122 122 122 122
Queen Bee group (T2)
Post=1 x Queen 0.123" 0.246™ 0.738™  0.705™ 0.443™ 0.680™"
Bee=1 (0.061) (0.059) (0.042) (0.044) (0.048) (0.045)
244 244 244 244 244 244
Full Package group (T3)
Post=1 x Full 0.296™ 0.263™ 0.757""  0.757"" 0.507"" 0.7117
Package=1 (0.054) (0.047) (0.036)  (0.036) (0.041) (0.038)
304 304 304 304 304 304

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on before-and-after comparison; robust SE in parentheses.
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Table A 4: Difference-in-Differences for Adoption of Practices Index and Queen Bee-related
Individual Practices

(1) (2) (3) (4) (5)
Practices Practices Change Breed Record
(dummy) (0-9) queen queen log

Full Package impact (T3-C)

Post=1 x Full Package=1 vs. -0.051 3.691™ 0.608™ 0.500™ 0.770™
Post=1 x Control=1

(0.080) (0.499) (0.077) (0.050) (0.034)
Observations 712 712 712 712 712
Partial General Training impact (T1-C)
Post=1 x Partial General 0.021 0.553 0.112 -0.082" 0.066™
Training=1vs. Post=1x (0.093) (0.566) (0.081) (0.042) (0.032)
Control=1 712 712 712 712 712
Queen Bee impact (T2-T1)
Post=1 x Queen Bee=1vs. -0.090 1.893™  0.221™ 0.189"™" 0.484™"
Post=1 x Partial General (0.058) (0.380) (0.069) (0.067) (0.055)
Training=1 712 712 712 712 712
Breeding Training impact (T3-T2)
Post=1 x Full Package=1 vs. 0.018 1.244™  0.275™ 0.393" 0.221™"
Post=1x Queen Bee=1 (0.034) (0.270) (0.064) (0.072) (0.057)
712 712 712 712 712

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Difference-in-Differences; robust SE in parentheses.
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Table A 5: Difference-in-Differences for Adoption of Other Individual Practices

(1) (2) (3) (4) (5) (6)
Supplemental Sustainable Brood Honey OQuter Brood
feeding pest chambers suppers covers frames
control
Full Package impact (T3-C)
Post=1 x Full 0.296™ 0.168" 0.280" 0.376"™" 0.268™ 0.425™
Package=1 vs. Post=1 x
Control=1 (0.108) (0.079) (0.115) (0.131) (0.122) (0.143)
Observations 712 712 712 712 712 712
Partial General Training impact (T1-C)
Post=1 x Partial -0.049 -0.030 0.081 0.094 0.106  0.255
General Training=1 vs. (0.105) (0.089) (0.129) (0.149) (0.146) (0.156)
Post=1x Control=1 712 712 712 712 712 712
Queen Bee impact (T2-T1)
Post=1 x Queen Bee=1 0.172" 0.180" 0.180" 0.230" 0.098 0.139
vs. Post=1 x Partial (0.066) (0.079) (0.080)  (0.090) (0.101) (0.085)
General Training=1 712 712 712 712 712 712
Breeding Training impact (T3-T2)
Post=1 x Full 0.173" 0.017 0.019 0.052 0.064  0.030
Package=1 vs. Post=1 (0.070) (0.068) (0.055) (0.056) (0.062) (0.059)
xQueen Bee=1 712 712 712 712 712 712

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Difference-in-Differences; robust SE in parentheses.

Table A 6: Heterogeneous Effects by Gender - Alternative Specification

(1) (2) (3) (4) (5) (6)
Hives Ln(Hives) kg Ln(kg) Yield Ln(Yield)
Women =1 -9.969 -0.430 -163.830* -0.356 1.213 0.021
(8.980) (0.377) (53.906) (0.263) (3.956) (0.146)
Observations 261 261 261 260 261 260

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at
the locality level in parentheses; P-values corrected for multiple hypothesis testing.

54



Table A 7: Balance Test of Ex-ante Covariates for Continuous Treatment Variables

Panel A: Ln(Basic inputs delivered - US$)

Variable Before balancing EBCT

Dif. P-value Dif. P-value
Age -0.86 (0.450) 0.49 (0.731)
Post-primary education (= 1) 0.07** (0.044) 0.00 (1.000)
Women (= 1) 0.04 (0.153) 0.00 (1.000)
Hives lost due to floods (#) 0.23 (0.911) 0.00 (1.000)
2016 hives (#) 11.64*** (0.002) 0.00 (1.000)
2017 hives (#) 11.59%** (0.001) 1.59 (0.666)
2018 hives (#) 11.77%** (0.000) 3.91 (0.285)
2019 hives (#) 14.03*** (0.005) 5.08 (0.227)
2020 hives (#) 7.56%** (0.000) 0.95 (0.809)
Ln(2020 hives) 0.36*** (0.000) 0.01 (0.911)
2016 production (kg) 206.35** (0.039) 27.18 (0.727)
2017 production (kg) 190.04** (0.042) 72.75 (0.299)
2018 production (kg) 189.03*** (0.006) 90.68 (0.168)
2019 production (kg) 193.41*** (0.006) 66.77 (0.409)
2020 production (kg) 209.12*** (0.000) 3.77 (0.957)
Ln(2020 production) 0.65*** (0.000) 0.00 (1.000)
2020 yield (kg/hive, capped at 100) 4.96*** (0.000) 0.00 (1.000)
Ln(2020 yield) 0.28*** (0.000) -0.02 (0.850)
Producers 356 261

Panel B: Ln(Basic inputs delivered per hive - US$/hive)

. Before balancing EBCT
Variable Dif. P-value Dif. P-value
Age -1.96** (0.024) 0.30 (0.856)
Post-primary education (= 1) 0.04 (0.175) 0.00 (1.000)
Women (= 1) 0.05** (0.035) 0.00 (1.000)
Hives lost due to floods (#) -8.16*** (0.000) -0.00 (1.000)
2016 hives (#) -17.59*** (0.000) -0.00 (1.000)
2017 hives (#) -17.00*** (0.000) -0.30 (0.950)
2018 hives (#) -16.09*** (0.000) -1.77 (0.686)
2019 hives (#) -20.27*** (0.000) -2.86 (0.530)
2020 hives (#) -16.79*** (0.000) -3.29 (0.125)
Ln(2020 hives) -0.63*** (0.000) -0.03 (0.753)
2016 production (kg) -353.23*** (0.000) -127.59 (0.277)
2017 production (kg) -336.10*** (0.000) -102.17 (0.352)
2018 production (kg) -222.74*** (0.000) -33.50 (0.732)
2019 production (kg) -232.54*** (0.000) -17.92 (0.869)
2020 production (kg) -249.18*** (0.000) -165.32 (0.125)
Ln(2020 production) -0.36*** (0.000) -0.00 (1.000)
2020 yield (kg/hive, capped at 100) 3.29%** (0.000) 0.00 (1.000)
Ln(2020 yield) 0.23*** (0.000) 0.03 (0.677)
Producers 356 261
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Panel C: Ln(Queen bees delivered - # + 1)

Variable Before balancing EBCT

Dif. P-value Dif. P-value
Age -2.57*** (0.003) 0.15 (0.876)
Post-primary education (= 1) 0.05 (0.107) 0.00 (1.000)
Women (= 1) 0.03 (0.146) -0.00 (1.000)
Hives lost due to floods (#) -1.71 (0.269) -0.00 (1.000)
2016 hives (#) 3.59 (0.207) 0.00 (1.000)
2017 hives (#) 3.96 (0.138) -0.49 (0.900)
2018 hives (#) 3.17 (0.208) -0.43 (0.911)
2019 hives (#) 5.36 (0.162) 0.23 (0.956)
2020 hives (#) 1.81 (0.252) 0.54 (0.805)
Ln(2020 hives) 0.08 (0.123) 0.01 (0.842)
2016 production (kg) 9.34 (0.901) -88.91 (0.386)
2017 production (kg) 12.90 (0.853) -85.64 (0.398)
2018 production (kg) -36.62 (0.486) -94.26 (0.320)
2019 production (kg) -48.41 (0.371) -125.92 (0.209)
2020 production (kg) 84.88** (0.030) -14.84 (0.718)
Ln(2020 production) 0.28*** (0.000) 0.00 (1.000)
2020 yield (kg/hive, capped at 100) 3.04*** (0.000) 0.00 (1.000)
Ln(2020yield) 0.20*** (0.000) -0.02 (0.726)
Producers 356 261

Notes: * p<0.10, ** p<0.05, *** p<0.01. P-values in parentheses.
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Table A 8: Incremental Effects of Basic Inputs and Queen Bees Delivered - Alternative

Specification

(1) (2) (3) (4) (5) (6)
Hives Ln(Hive kg Ln(kg) Yield Ln(Yield)
s)
Panel A: Basic inputs
Basic inputs delivered - US$ 0.008 0.000 0.407 0.001 0.008 0.000
(0.005) (0.000) (0.289) (0.001)  (0.004) (0.000)
Observations 261 261 261 260 261 260
Panel B: Basic inputs per hive
Basic inputs delivered per hive -0.054 0.002 -0.168 0.003 0.091 0.001
- US$/hive (0.075)  (0.001)  (3.100)  (0.004) (0.045)  (0.004)
261 261 261 260 261 260
Panel C: Queen bees
Queen bees delivered - # 0.539 0.014 25.847 0.038 0.534 0.021
(0.287) (0.007) (21.688) (0.019)  (0.230) (0.017)
261 261 261 260 261 260

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Differences-in-Differences combined with Entropy Balancing; SE clustered at

the locality level in parentheses; P-values corrected for multiple hypothesis testing.

Table A 9: Budget Detail

Total budget (431 producers,

Budget in evaluation (356

us$) producers, US$)
Program component Total Before After Total Before After
follow-up follow-up follow-up follow-up
survey survey survey survey
Basic inputs $189,373 $164,081 $25,292 $163,895 $141,076 $22,818
Partial general
training* $43,620 $43,620 - $36,030 $36,030 -
Queen bee $42,038  $20,594  $21,444  $36,370 $17,758  $18,612
Breeding training* $6,250 $6,250 - $5,284 $5,284 -
Total** $281,281 $234,545 $46,736 $241,579 $200,148 $41,430

* Approximate. Total technical assistance cost for 431 producers was $47,317. Since there were 354 general trainings and 30 breeding
trainings, cost was proportionately split between the two components. To calculate the budget for 356 producers, the total budget was
multiplied by 356/431. The breeding training also includes the cost of materials needed ($2,553 for 431 producers, of which $2,230 was

delivered to the 356 producers included in the evaluation).

**Total program budget was $299,281, also including $18,000 for evaluation purposes.
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Table A 10: Results on Performance - PSM

(1) (2) (3) (4) (5) (6)
Hives Ln(Hives) kg Ln(kg) Yield Ln(Yield)

(T3-C) Full Package impact

Post=1 x Full Package=1 13.567™" 0.729™ 433.375" 0.824" 2.861 0.114
vs. Post=1 x Control=1

(4.045) (0.223) (163.166) (0.267) (2.039) (0.054)
Observations 155 155 155 155 155 155
(T1-C) Partial General Training impact
Post=1 x Partial General 12.667 0.726 286.812 0.821 1.121 0.095™

Training=1vs. Post=1 x (6.521) (0.394)  (145.924) (0.468)  (0.574) (0.021)
Control=1

54 54 54 54 54 54
(T2-T1) Queen Bee impact

Post=1x Queen Bee=1 -0.796 0.057 151.330  0.202 3.966 0.145
vs. Post=1 x Partial (7.247) (0.275)  (81.435) (0.168)  (3.160)  (0.140)
General Training=1 131 131 131 131 131 131
(T3-T2) Breeding Training impact

Post=1 x Full Package=1 0.515 0.022 90.405  0.102 2.121 0.100
vs. Post=1x Queen (1.004) (0.046)  (47.902) (0.075) (1.622)  (0.065)
Bee=1 232 232 232 232 232 232

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Difference-in-Differences combined with Propensity Score Matching; robust,
two-step correct SE in parentheses (not clustered); P-values corrected for multiple hypothesis testing.
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Table A 11: Results on Adoption of Practices Index and Queen Bee-related Individual Practices
-PSM

(1) (2) (3) (4) (5)
Practices Practices Change Breed Record log
(dummy) (0-9) queen queen

(T3-C) Full Package impact

Post=1 x Full Package=1 vs. -0.410 2.231™ 0.560™" 0.522™ 0.739™
Post=1 x Control=1

(0.362) (0.464) (0.052) (0.051) (0.038)
Observations 155 155 155 155 155
(T1-C) Partial General Training impact
Post=1 x Partial General -0.636 -1.030 0.061 0.000 0.091"
Training=1vs. Post=1x (0.577) (1.760) (0.075) (0.044) (0.049)
Control=1 54 54 54 54 54
(T2-T1) Queen Bee impact
Post=1x Queen Bee=1vs. -0.031 2.592" 0.439™ 0.296" 0.510™
Post=1 x Partial General (0.097) (0.692) (0.166) (0.166) (0.053)
Training=1 131 131 131 131 131
(T3-T2) Breeding Training impact
Post=1 x Full Package=1 vs. 0.000 0.873" 0.246™ 0.284" 0.291™
Post=1x Queen Bee=1 (0.055) (0.383) (0.081) (0.130) (0.079)
232 232 232 232 232

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Difference-in-Differences combined with Propensity Score Matching; robust,
two-step correct SE in parentheses (not clustered); P-values corrected for multiple hypothesis testing.
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Table A 12: Results on Adoption of Other Individual Practices - PSM

(1) (2) (3) (4) (5) (6)
Supplemental Sustainable Brood Honey Outer Brood
feeding pest chambers suppers covers frames
control
(T3-C) Full Package impact
Post=1 x Full 0.209° 0.194™ -0.052 0.052 -0.060 0.067
Package=1 vs. Post=1 x
Control=1 (0.085) (0.045) (0.059) (0.066) (0.367) (0.064)
Observations 155 155 155 155 155 155
(T1-C) Partial General Training impact
Post=1 x Partial -0.121 0.030 -0.273" -0.273  -0.455 -0.091
General Training=1 vs. (0.081) (0.106) (0.103) (0.578) (0.581) (0.579)
Post=1 x Control=1 54 54 54 54 54 54
(T2-T1) Queen Bee impact
Post=1 x Queen 0.173 0.020 0.327 0.449 0.265 0.112
Bee=1vs. Post=1x (0.076) (0.176) (0.121)  (0.208) (0.348) (0.199)
?arit,:?rl,;ineral 131 131 131 131 131 131
(T3-T2) Breeding Training impact
Post=1 x Full 0.090 -0.104 -0.037 0.060 0.030 0.015
Package=1vs. Post=1 (0.113) (0.121) (0.064)  (0.068) (0.106) (0.078)
xQueen Bee=1 232 232 232 232 232 232

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Difference-in-Differences combined with Propensity Score Matching; robust,
two-step correct SE in parentheses (not clustered); P-values corrected for multiple hypothesis testing.
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Table A 13: Results on Performance - IPW

(1 (2) (3) (4) (5) (6)
Hives Ln(Hives) kg Ln(kg) Yield Ln(Yield)

(T3-C) Full Package impact

Post=1 x Full Package=1 vs. 14.792***  1.058***  345.103*** 1.277***  3.836*** 0.222***
Post=1 x Control=1

(2.413) (0.155) (65.415) (0.176)  (1.118) (0.055)

Observations 316 316 316 315 316 315
(T1-C) Partial General Training impact
Post=1 x Partial General 9.042* 0.435** 44.731 0.351** -3.711* -0.095
Training=1vs. Post=1x (4.760) (0.155) (81.933) (0.132) (1.832) (0.082)
Control=1 316 316 316 315 316 315
(T2-T1) Queen Bee impact
Post=1x Queen Bee=Tvs.  7.760***  0.179***  197.350* 0.183 0.268 0.005
Post=1 x Partial General (1.853) (0.056) (102.625)  (0.164) (4.987) (0.205)
Training=1 316 316 316 315 316 315
(T3-T2) Breeding Training impact
Post=1 x Full Package=1 -0.584 0.081 81.823 0.106 0.750 0.031
vs. Post=1x Queen Bee=1 (1.953) (0.059) (88.830) (0.088) (1.336) (0.038)

316 316 316 315 316 315

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Difference-in-Differences combined with Inverse Probability Weighting; SE
clustered at the locality level in parentheses; P-values corrected for multiple hypothesis testing.
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Table A 14: Results on Adoption of Practices Index and Queen Bee-related Individual Practices
-1PW

(1) (2) (3) (4) (5)
Practices Practices Change Breed Record log
(dummy) (0-9) queen queen

(T3-C) Full Package impact

Post=1 x Full Package=1 vs. -0.418" 2.695™ 0.660™" 0.538 0.824
Post=1 x Control=1

(0.221) (0.660) (0.086) () ()
Observations 316 316 316 316 316
(T1-C) Partial General Training impact
Post=1 x Partial General -0.112 -1.436™ -0.163 -0.234 0.038
Training=1vs. Post=1x (0.152) (0.612) (0.202) () ()
Control=1 316 316 316 316 316
(T2-T1) Queen Bee impact
Post=1 x Queen Bee=1vs. -0.460" 0.379 0.117 0.191° 0.362""
Post=1 x Partial General (0.279) (0.573) (0.156) (0.103) (0.102)
Training=1 316 316 316 316 316
(T3-T2) Breeding Training impact
Post=1 x Full Package=1 vs. -0.025 1.585™ 0.204 0.268™ 0.333"
Post=1x Queen Bee=1 (0.040) (0.294) (0.183) (0.107) (0.118)
316 316 316 316 316

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Difference-in-Differences combined with Inverse Probability Weighting; SE
clustered at the locality level in parentheses; P-values corrected for multiple hypothesis testing.
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Table A 15: Results on Adoption of Other Individual Practices - IPW

(1) (2) 3) (4) (5) (6)
Supplemental Sustainable Brood Honey Outer Brood
feeding pest chambers suppers covers frames
control
(T3-C) Full Package impact
Post=1 x Full 0.216 0.301™ -0.068 0.122  -0.103  0.204
Package=1 vs. Post=1 x
Control=1 (0.150) (0.089) (0.089)  (0.195) (0.190) (0.199)
Observations 316 316 316 316 316 316
(T1-C) Partial General Training impact
Post=1 x Partial -0.097 0.194 -0.504™  -0.547° -0.017 -0.107
General Training=1 vs. (0.057) (0.204) (0.136) (0.238) (0.121) (0.141)
Post=1x Control=1 316 316 316 316 316 316
(T2-T1) Queen Bee impact
Post=1 x Queen 0.368" 0.070 -0.119 -0.213  -0.247 -0.150
Bee=1vs. Post=1x (0.129) (0.125) (0.112)  (0.122) (0.154) (0.081)
?f;;?;gj”eral 316 316 316 316 316 316
(T3-T2) Breeding Training impact
Post=1 x Full 0.110 0.097 0.160"  0.245" 0.172 -0.003
Package=1vs. Post=1 (0.169) (0.155) (0.062)  (0.086) (0.096) (0.128)
x Queen Bee=1 316 316 316 316 316 316

Notes: * p<0.10, ** p<0.05, *** p<0.01. Estimates based on Difference-in-Differences combined with Inverse Probability Weighting; SE

clustered at the locality level in parentheses; P-values corrected for multiple hypothesis testing.

63



Annex 2: Questionnaires

Producer Identification

Questionnaire N°:
Technician Key:

Date:

Name of producer: Gender of producer: 1. Male 2. Female
Beekeeping registration N°: Geographic coordinates: Latitude Longitude
Municipality: Name of the apiary:
Locality: N° of hives in the apiary:
Main occupation: 1. Agriculture 2. Beekeeping | 3. Livestock | 4. Other
Education level: 1. Primary 2. 3. High 4. Technical | 5. Higher
Secondary school
Time living in the region: 1.1-4years | 2.5 3.6-10 4.11-20years | 5. +20 years
years years
1. Diagnostic Review of the Apiary
1. Apiary condition
1.1. Cleanliness inside the apiary | 1. Clean | 2. With weeds | 3. Garbage
1.2. Is the apiary fenced? | 1. Yes | 2.No |
1.3. Cleaning method | 1. Manual | 2. Herbicides | 3. None
1.4. Water sources | 1. Natural | 2. Drinking fountains | 3. Does not have
1.5. Adequate orientation | 1. Yes | 2.No |
1.6. Presence of shadow | 1. Yes | 2.No |
1.7. Type of hive | 1. Langstron | 2. Jumbo | 3. Rustic
1.8. Hives with bases | 1.Yes | 2.No |
2. Condition of field materials
1.9. Material of the bases | 1. Concrete | 2. PVC box | 3. Metal
1.10. Height of the bases (cm) | 1.20cm | 2.30cm | 3.40cm
1.11. Condition of brood chambers 1. Optimal 2. Moderate 3. Severe
deterioration deterioration
1.12. Hives have external cover? | 1. Yes. Type: | | 2.No
1.13. Hives have hive entrance? | 1. Yes | 2.No |
1.14. Hives have inner cover? | 1.Yes | 2.No |
1.15. Condition of honey suppers 1. Optimal 2. Moderate 3. Severe

deterioration

deterioration
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1.16. Condition of top covers | 1. Optimal | 2. Deterioration | 3. Does not have |

1.17. Top covers material | 1. Metal sheet | 2. Wood | 3. Plastic |

1.18. Number of beehives affected by climatic events: | |

1.19. Condition of brood frames 1. Optimal 2. Moderate 3. Severe

deterioration deterioration

1.20. Condition of honeycombs | 1. With brood | 2. With reserve | 3. Empty |

1.21. Hive activity | 1. High | 2. Medium | 3. Reduced |
3. Reproductive and genetic management of hives

1.22. Annual change of queen bees | 1. Yes | 2. No. Why? |

1.23. How are queens obtained? 1. Own 2. Purchase 3. Registered 4. Hatchery

production | from another hatchery
producer

1.24. Clips the queen’s wings? | 1. Yes. Why? | | 2.No |

1.25. How are queens bought? | 1. Fertilized | 2. Virgin | 3. Royal cell |

1.26. Last time you increased your hives | 1. 3 months | 2.3 months -1 year | 3. More than 1 year |
4. Plagues and diseases

1.27. Pests present | 1. Yes. Which? | | 2.No |

1.28. Diseases present | 1. Yes. Which? | | 2.No |

1.29. Number of affected hives: | |

1.30. Measures applied to control plagues and diseases: | |

1.31. Date of last application: | |

1.32. Measure(s) applied in last application: | |
5. Feeding

1.33. Do you provide food for the hives? | 1. Yes. In which months? | |

[ 2. No. Why? | |

1.34. Type of feeding provided | 1. Support | 2. Supplemented |

1.35. Type of food provides | 1. Syrup | 2. Cake with pollen |

1.36. Inputs used for the syrup | 1. Sugar | 2. Fructose |
6. Climatic conditions

1.37. Level of flooding reached 1. Less than 30cm 2.30cm-50cm 3. More than 50cm
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1.38. Type of damage

1. Total damage

2. Loss of biological
material

3. Decreasein
populations

1.39. Number of beehives affected in last rainy season:

1.40. Mention main damages in the apiary:

1.41. Other type(s) of damages:

1.42. Measures implemented to recover from the damage:

7. Apiary environment

1.43. Approximate area of the apiary:

1.44. Is it located within a parcel? 1. Yes 2.No
1.45. Use of the land where the apiary is 1. Crops 2. Livestock 3. Acahual
located
1.46. Type of access 1. Paving 2. Dirt road 2. Dirt path |
1.47. Approximate distance from the 1. Housing 2. 3. Other 4. Foraging
apiary to: Roads apiaries sources
1.48. Do you keep a record log of 1. Yes 2.No
activities in the apiary?
1.49. Have you received training or 1. Yes. Which 2.No
technical assistance in beekeeping? subjects?
1.50. Observable nectapolyniferous species: |
1.51. Observable degraded and/or deforested areas: |
8. Historical hive and production data
Year Hives kg of honey produced
2016
2017
2018
2019
2020
2. Socioeconomic and Livelihood Aspects
1. Ethnic group and household composition
2.1. Ethnic group: | |
2.2. Mother tongue: | |
2.3. How many members make up your household? N° of men: | N° of women: |
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2. About gender gaps

2.4. Who manages the financial administration of production? |

2.5. What is the role of women in production? |

2.6. Do you consider that women have the same 1. Yes 2. No. Why?
capacity as men to be beekeepers?

2.7. Why do you think there is little participation of women in beekeeping?

(if the interviewee is a woman) 2.8. What barriers have you had to face to work in
beekeeping?

3. Income and credit access

2.9. Approximately how much is your monthly income? |

2.10. What is the activity on which your income is most dependent? |

2.11. How much does the income from the sale of honey contributes to the
household income?

2.12. In your household, do other members contribute to 1. Yes 2. No
the family economy?

2.13. Do you receive any government support? 1. Yes 2.No

2.14. Do you have access to any type of credit for your 1. Yes 2. No. Why?

activity?

2.15. Do you currently require any type of credit? | 1. Yes | 2.No |

2.16. For which concepts do you require credit? |

2.17. Do you have savings for an emergency? | 1.Yes | 2.No

4. Assets and resources

2.18. Do you have your own land? 1. Yes, Ejido | 2. Yes, private property | 3.No

2.19. Do you own the house you live in? | 1. Yes | 2.No

2.20. Type of vehicle used to reach the apiary: |

2.21. Do you have an extraction room? 1. Yes, fixed | 2. Yes, mobile | 3. No
2.22. Extraction equipment available: Extractor Uncapping bench
Sedimentation vat Strainers

5. Availability of inputs

2.23. Approximate amount of wax required annually? (kg) |

2.24. Are you self-sufficient in your wax needs? | 1.Yes 2. No. Why? |

2.25. What difficulties have you had accessing wax? |

2.26. Do you have difficulties to feed the hives in critical season? |
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2.27. Do you obtain pollen for commercialization? 1.Yes 2. No. Why?

2.28. Would you be interested in producing pollen for 1. Yes 2. No. Why?
commercialization?

2.29. Where do you get inputs for pest and disease control? |

2.30. Do you do nucleus division to increase hives? 1. Yes 2. No. Why? |

2.31. In addition to apis mellifera beehives, do you have 1.Yes 2.No
meliponines bees?

2.32. Do you elaborate products based on beehive 1. Yes 2. No
derivatives (pollen, propolis, royal jelly)?

3. Perceptions of Shifting Environmental Conditions and Use of Ecosystem
Resources

1. Knowledge on shifting environmental conditions

3.1. Have you heard about climate change? 1. Yes 2.No
3.2. Do think the climate has been changing? 1. Yes. Why?
2. No. Why?
3.3. If yes, how long have you been noticing these 1. <5years 2.5-20years | 3.+20years
changes?
3.4. What changes have you noticed in weather behavior? | Excessive rainfall Floods
Droughts High temperatures
Other:

3.5. To what do you think these weather changes are due? |

3.6. Approximately how often do they occur? |

3.7. Do you think people can do anything to slow down 1. Yes. How?
these changes?

2. No. Why?

3.8. How do you think you could contribute to reduce these changes?

2. Past experience with extreme weather

3.9. Have you been affected by any weather-related event? | 1. Yes. What kind? 2.No

Flooding
Drought
Hurricanes

3.10. How did this natural disaster affect you?

3.11. Did you receive any support during or after the 1. Yes. What 2.No
incident? kind?
3.12. During the period of the incident, was it difficult for 1. Yes 2.No

you to obtain food?
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3.13. How did the climate phenomenon affect the availability of work?

3.14. Do you think women are more affected than men in 1. Yes. Why?
the event of a climate disaster?

2. No. Why?

3. Use of ecosystem resources

3.15. What are the main activities in your locality? |

3.16. Where does water for human consumption come from? |

3.17. Is there a year-round supply of water? 1. Yes. 2. No. In which months
there is shortage?

3.18. How do you deal with this shortage? |

3.19. What fuel do you use for cooking? 1. Gas 2. Wood. Where do you
obtain it from?

3.20. Is there a decrease in the number of plants useful for | 1. Yes 2. No
bees and for humans?

3.21. Do you remember the names of any of these species?
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