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1 | INTRODUCTION

Community-based development (CBD) emphasize the role of local participation in the
design and implementation of development programs.' These approaches seek to leverage
local knowledge, increase community ownership, and improve the targeting and sustain-
ability of development interventions (Mansuri and Rao, 2004, 2012). While the promise
of CBD has spurred widespread adoption—especially in rural, fragile, or low-capacity
settings—their effectiveness remains a subject of ongoing debate.

Community-based development (CBD) programs have shown promise in improving
agricultural livelihoods by using local knowledge and better targeting poor and marginal-
ized groups (Nkonya et al., 2012; Park and Wang, 2010). However, evidence across countries
remains mixed. While some interventions improve participation and service delivery (Beath
et al., 2017; Madajewicz et al., 2021), others find limited or no effects on income or gover-
nance outcomes (Humphreys et al., 2019; Saguin, 2018). Overall, the literature suggests that
CBD effectiveness depends on strong institutional design, continuous support services, and
safeguards against local elite capture.”

This paper studies the short- and medium-term effects of a community-based devel-
opment (CBD) program that promoted climate-smart agricultural (CSA) practices in rural
Nicaragua. The analysis relies on a randomized controlled trial implemented in 64 ru-
ral communities, where productive assets and CSA training were provided to randomly
selected small farmers within each village. The program aimed to increase the adoption
of sustainable farming practices, raise agricultural yields, and improve household food
security through a participatory delivery model.

Raising crop yields is essential for sustainable growth in low-income countries, where
many households depend on agriculture for their livelihoods (Antén et al., 2013). Climate-
smart agriculture (CSA) has emerged as a key strategy to address the dual challenges
of climate adaptation and food insecurity. Defined by the FAO as an approach to make
agri-food systems more climate-resilient,” CSA includes practices such as conservation agri-
culture, improved seeds, and agroforestry (Lipper et al., 2014; Jayne et al., 2018). Although
CSA has been incorporated into many national policy agendas (Campbell et al., 2016),
adoption among smallholders remains low because of high upfront costs, uncertain returns,
and short-term risks to yield and consumption (Amadu et al., 2020; Arslan et al., 2015;
Knowler and Bradshaw, 2007). Stronger evidence is needed on delivery models that can
effectively promote CSA adoption and measure its impacts on productivity, food surplus,
and household food security (Steenwerth et al., 2014; Battisti and Naylor, 2009).

We use data from the Proyecto Apoyo para el Incremento de la Productividad, Segquridad
Alimentaria y Nutricional en la Costa Caribe Nicaraguense (PAIPSAN), a program designed
to reduce food insecurity among rural communities in this region. To achieve this goal,
the program encouraged beneficiaries to form cooperative groups known as solidarity
groups. These groups served two main purposes: first, to identify the needs of each
participant and prepare an Innovative Development Plan (Plan de Desarrollo Innovador,

LCommunity-based development (CBD) — often termed community-driven development (CDD) — refers to aid
strategies that delegate decision-making and resource allocation to local communities. See Bank (2025).

2Studies that explore the effects of CBD projects include, for instance, Alatas et al. (2012, 2019); Araujo et al.
(2008); Avdeenko and Gilligan (2015); Beath et al. (2017); Bernard et al. (2008); Borisova et al. (2024); Casey et al.
(2012); Casey (2018); Cooke and Kothari (2001); Dasgupta and Beard (2007); Hef et al. (2021); Humphreys
et al. (2019); Kahsay and Bulte (2021); Krishna et al. (2025); Labonne and Chase (2011); Lund and Saito-Jensen
(2013); Madajewicz et al. (2021); McNamara et al. (2020); Nguyen and Rieger (2017); Nkonya et al. (2012);
Olken (2010); Park and Wang (2010); Platteau (2004); Pradhan et al. (2014); Saguin (2018); Salinger et al. (2024);
Stiglitz (2002); White et al. (2018); Wong and Guggenheim (2018).

3See https://www.fao.org/climate-smart-agriculture/en/.
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PDI) that guided the intervention; and second, to facilitate implementation by organizing the
purchase and distribution of inputs, as well as workshops, demonstrations, and consultation
meetings. This group-based structure represents the community component of the PAIPSAN
program, reflecting its community-driven development (CDD) approach, where planning
and implementation decisions were made collectively with each community rather than at
a centralized level.

The intervention provided in-kind agricultural inputs—such as seeds, tools, and fertil-
izers—alongside technical assistance and training. Our analysis combines administrative
and survey data to evaluate the program’s effects on smallholder farmers’ livelihoods. In
particular, we study changes in training participation, livestock ownership, and involvement
in productive organizations, and we assess how these interventions affected food security,
perceived quality of life, and overall satisfaction among participants.

Households within each of the participating communities were randomly assigned to
two groups: 908 participants in the treatment group, who began the project in June 2017,
and 903 participants in the control group, who started in November 2018. Because the
assignment was random, both groups were similar in their baseline characteristics, ensuring
that any later differences can be attributed to the PAIPSAN-CCN intervention rather than
pre-existing factors.

Data were collected from both groups between March 2017 and December 2018 through
three survey rounds: a baseline survey (March-May 2017), a midline follow-up (March 2018),
and a final survey (November 2018). The surveys covered 1,811 households—representing
8,583 individuals—across the 64 communities in the project area.

Our results show that the PAIPSAN-CCN intervention had a positive impact on the
adoption of improved agricultural inputs among beneficiary households. Survey data
indicate significant increases in the use of certified and fortified seeds, bio-fertilizers, pest
control measures, and post-harvest practices. Treated farmers reported planting about 20
percent more basic grains than the control group, reflecting broader progress in the adoption
of techniques promoted by the program.

The program also strengthened nutrition-sensitive practices, particularly in hygiene
and food preparation. Beneficiaries in the treatment group reported performing more food
preparation and preservation activities, using safer handling practices, and adopting natural
ingredients and water filters more often. These behavioral changes were accompanied by
higher rates of staple crop production: maize cultivation rose from 55 to 65 percent and
bean cultivation from 68 to 84 percent among treated households.

In terms of production, treated farmers achieved higher yields across key crops. Maize
yields increased from 9.7 to 15 quintals per manzana, while bean yields rose from 12 to 16.7
quintals over the same period. Similar gains were observed for other products, and the
share of farmers producing fruit or perennial crops grew from 1 to 9 percent by late 2018.
These results translated into higher satisfaction with harvests, quality of life, and household
food security, as measured by the Food Insecurity Experience Scale (FIES). However, given
the relatively short exposure period, it is too early to assess lasting effects on health or
nutritional outcomes.

Our results contribute to the literature on community-based development (CBD) in two
distinct ways. First, a central concern in this literature is that elite capture and local political
dynamics can bias program impacts, making it hard to separate program design from local
power relations (Platteau, 2004; Alatas et al., 2019). The within-community randomized
design of our study helps address this issue by isolating treatment assignment from local
political influence. This approach minimizes the scope for capture and provides a clean
estimate of CBD effects on agricultural outcomes such as yields, technology adoption, and
food security (Beath et al., 2017; Madajewicz et al., 2021; Humphreys et al., 2019).
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Second, unlike previous studies that focus on improving participation in decision-
making, committee transparency, or trust in local authorities, our analysis evaluates a CBD
intervention centered on economic outcomes—specifically agricultural production and
participants’ welfare (Beath et al., 2017; Humphreys et al., 2019). In doing so, it contributes
to the debate on whether community control can enhance service delivery and livelihoods
when elite dominance is limited (Madajewicz et al., 2021). The result is a rigorous and
internally valid estimate of CBD effectiveness in rural production settings, separate from
the confounding effects of local political selection.

In addition, we provide rare experimental evidence from Latin America on how CSA can
be integrated into a CBD model. The intervention aimed to reduce coordination, information,
and risk barriers that often limit smallholders from adopting productive technologies.
While most rigorous studies on agricultural community programs come from Africa and
Asia—and often find short-lived or mixed results without complementary support (Nkonya
et al., 2012; Park and Wang, 2010)—our study measures multi-season effects on crop yields,
food insecurity, and adoption of improved inputs within villages. By combining in-kind
assets, technical assistance, and collective implementation, the program tests key CSA
mechanisms such as local learning, risk-sharing, and coordination at the community level
(Lipper et al., 2014; Campbell et al., 2016). In this way, the paper helps explain why some
CBD projects improve participation but not welfare (Beath et al., 2017; Humphreys et al.,
2019; Saguin, 2018), identifying design features—household randomization, community
platforms, and bundled support—that can make participatory delivery more effective in
improving rural livelihoods.

2 | CONTEXT

We study the effects of climate-smart agriculture promoted by the Proyecto de Apoyo para el In-
cremento de la Productividad, Seguridad Alimentaria y Nutricional en la Costa Caribe Nicaragiiense
(PAIPSAN), coordinated by the Ministerio de Economia Familiar, Comunitaria, Cooperativa y
Asociativa (MEFCCA). The main goal of the program was to improve food and nutritional
security in rural communities on Nicaragua’s Caribbean Coast, which includes two au-
tonomous regions—the Northern (Regién Auténoma de la Costa Caribe Norte, RACCN) and
the Southern (Regién Auténoma de la Costa Caribe Sur, RACCS). The project operated in 246
communities across 15 municipalities: eight in the north (Waslala, Bonanza, Siuna, Rosita,
Mulukukii, Waspam, Prinzapolka, and Puerto Cabezas) and seven in the south (La Cruz de Rio
Grande, Paiwas, El Tortuguero, Desembocadura de Rio Grande, Laguna de Perlas, Kukra Hill, and
Bluefields).

The coordination and implementation of PAIPSAN-CCN are the responsibility of the
Ministry of Family, Community, Cooperative, and Associative Economy (MEFCCA) and
are carried out with financial support from a grant provided by the Global Agriculture and
Food Security Program (GAFSP).

This area covers around 43% of the national territory (see Figure A.1) and was prioritized
due to its high rates of poverty, malnutrition, and indigenous population. In 2012, 23.3%
of children under five in the Northern region were stunted—6 percentage points above
the national average—and, in 2014, the poverty rate was 9.4 percentage points higher
than the national average of 29.6%. Approximately 35% of the population identified as
indigenous (INIDE, 2016), mostly from the Miskito ethnic group, which represents over half
of Nicaragua’s indigenous population.

Beneficiaries were selected through community meetings with local authorities, based on
poverty status and primary occupation. A key feature of the program was its participatory
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structure: households organized themselves into solidarity groups of 30-50 members. These
groups identified local needs, prepared Planes de Desarrollo Innovador (PDls), and participated
in the planning and implementation of the activities financed by the program.

Each PDI combined three main components:

1. Financial support, provided in kind—such as seeds, tools, fertilizers, machinery, or
livestock.

2. Technical assistance, delivered by ministry field officers who demonstrated farming
techniques, supported orchard setup, and followed up on each group’s progress.

3. Training, offered through workshops on topics such as crop diversification, fertilizer use,
irrigation, storage, marketing, livestock care, food hygiene, and healthy diets. Training
also included sessions on cooperative management and associative organization.

Solidarity groups facilitated coordination with the ministry, helped distribute inputs, and
organized local activities. They functioned similarly to cooperatives—sharing responsibili-
ties, solving problems collectively, and promoting the program within their communities.
Participation brought clear benefits through access to inputs and knowledge but also re-
quired time, organization, and sustained community engagement.

In the survey, the term “community organizations” refers broadly to local economic and
community groups linked to the implementation of the PDIs, such as producer associations,
production committees, or work groups created under the project to coordinate purchases,
sales, or training activities. These organizations were either created or strengthened as
part of the intervention. Solidarity Groups are one specific organizational form used
by the project to structure beneficiary participation within a PDI. Thus, the community-
organization outcomes in Section 5.4 capture a wider set of associative arrangements than
Solidarity Groups alone and reflect the broader institutional environment fostered by the
program.

2.1 | Formation and Role of the Planes de Desarrollo Innovador (PDIs)

Within PAIPSAN-CCN, the Planes de Desarrollo Innovador (PDIs) are the core instrument
that structures how resources are allocated and how the intervention is implemented on the
ground. PDIs are not spontaneous proposals. They are formulated through a structured
process facilitated by the Ministry of Family, Community, Cooperative and Associative
Economy (MEFCCA), in coordination with institutions in the National System for Produc-
tion, Consumption and Commerce (SNPCC). The process begins with a joint diagnostic of
local productive potential, food insecurity, and market opportunities conducted by technical
facilitators together with beneficiary households. Based on this assessment, each PDI defines
a package of investments and services consistent with the project’s objective of improving
food security and nutrition in the Caribbean Coast.

PDIs are organized into four broad types: family agriculture, agroindustry, artisanal
fishing, and rural non-agricultural enterprises, reflecting the main livelihood strategies
in the region. Within family agriculture and fishing, PDIs are further differentiated by
orientation (subsistence/autoconsumption versus surplus/commercial production). This
typology responds primarily to productive criteria (type of activity and market orientation),
but PDIs are also shaped by territorial conditions such as access to water, infrastructure, and
markets. Beneficiaries are not required to meet minimum technical or managerial criteria to
design a PDI. Instead, the project embeds capacity building in the planning cycle: MEFCCA
facilitators support the formulation, costing, and sequencing of activities and ensure that
each PDI respects predefined budget ceilings, eligible expenditure categories, and technical
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norms.

Functionally, PDIs operate as the main coordination device between beneficiary house-
holds and implementing agencies. Each PDI specifies (i) the mix of productive assets to
be financed (for example, seeds, tools, small equipment), (ii) the schedule and content
of trainings and technical assistance (including climate-smart agriculture, post-harvest
management, and nutrition-sensitive practices), and (iii) the services to be provided by
specialized public entities. In practice, INTA, MINSA, IPSA, MARENA, SERENA, and
INPESCA* are responsible for different components of the intervention: INTA for agricul-
tural technologies and field schools; MINSA for nutrition education; IPSA for phytosanitary
surveillance; MARENA and SERENA for environmental safeguards; and INPESCA for
fishing and aquaculture, all coordinated by MEFCCA'’s project unit. In this way, PDIs
concentrate local autonomy in setting priorities and choosing the combination of activities,
while execution and compliance are anchored in a clear institutional framework.

From the perspective of the CBD literature, this institutional design matters for two
reasons. First, local participation is exercised through a structured planning instrument (the
PDI) supported by continuous technical assistance, rather than through ad hoc community
demands. Second, standardized eligibility rules, investment ceilings, and multi-agency
review introduce procedural safeguards that limit arbitrary allocation or capture, while
still allowing plans to be tailored to local needs. Our impact estimates should therefore be
interpreted as the effects of a community-based planning and delivery model in which PDIs
embody the main institutional innovation.

3 | DATA AND STUDY SAMPLE

For the impact evaluation, a random sample of beneficiaries was drawn from the population.
The sample size required to detect an impact was estimated to be 1,900 individuals, drawn
from a total population of 14,000 people. Randomization was conducted at two levels:
community and individual. Out of a total of 256 villages, 64 were selected to participate
in the impact evaluation. Subsequent to this selection, program officials held assemblies
in each village to assign individuals to treatment and control groups through a public
lottery. Treatment assignment was phased in, meaning that both groups were provided
the opportunity to participate in the program. The program commenced for the treatment
group in June 2017, while it began for the control group in June 2018.

As illustrated in Figure A.2, baseline data were collected during April and May of 2017.
Although the estimated sample size was 1,900, due to challenges in the implementation
of the baseline survey, the total number of households interviewed was 1,810, with 905
belonging to the treatment group and 905 to the control group. Two follow-up surveys
were subsequently conducted: the first approximately one year after the baseline, and the
second between December 2018 and March 2019. The attrition rate in these follow-ups was
minimal; of the 1,810 families included in the baseline survey, 1,804 were interviewed in the
first follow-up, and 1,802 in the second.

Descriptive characteristics.— For the data analysis, the sample was restricted to non-missing
values of the variables across the three surveys, resulting in a total of 1,672 observations from
an initial 1,810. Table B.1 presents the mean and standard deviation of the demographic
characteristics of the individuals and the outcome variables at baseline. A significant
proportion of recipients are illiterate, nearly 30%, with a median age of approximately 39

4INTA: Instituto Nicaragiiense de Tecnologia Agropecuaria; MINSA: Ministerio de Salud; IPSA: Instituto de
Proteccién y Sanidad Agropecuaria; MARENA: Ministerio del Ambiente y los Recursos Naturales; SERENA:
Secretaria de Recursos Naturales de los gobiernos regionales; INPESCA: Instituto Nicaragiiense de la Pesca y
Acuicultura.
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years. Additionally, around 25% of respondents identify as belonging to an indigenous
group. The gender distribution in the sample is nearly balanced, with women slightly
outnumbering men, comprising 51.26% of the observations. Certain dwelling characteristics
highlight the poverty conditions of the beneficiaries: 50% of individuals live in homes
with dirt floors, and only 53.67% have electricity. Furthermore, the majority of houses
(90%) are constructed with wooden walls. The primary occupations of program recipients
are agriculture and cattle raising; 95.6% report agriculture as their primary activity, and
79.55% engage in cattle raising, while only a small percentage (0.6%) is involved in forestry.
Additionally, production decisions vary by season, with 71.83% of individuals participating
in the sowing of any crop during the apante season, which is the most important growing
season for this region, and 37.32% during the postrera season.

As in any RCT, a fundamental condition for estimating the impact of the PAIPSAN
project is that the beneficiaries in the treatment group are statistically identical to those in
the control group. This implies that, on average, the characteristics of the control group
and the treatment group are equal. Table B.1 shows the results for a series of demographic
indicators and project outcomes. These show the simple comparison of means between
treatment protagonists and control group protagonists. The p-values (p-value) are calculated
after adjusting the differences for sample stratification by estimating equation (1). In
summary, the results show that the random assignment worked appropriately as there are
no significant differences between the treatment group and the control group.

Table B.2 examines whether attrition is systematically related to treatment status or
baseline household characteristics. The dependent variable is an indicator for remaining
in the longitudinal sample, and all specifications include community fixed effects. The
estimates show that the treatment indicator is small and statistically insignificant in all
columns, indicating that treated and control households are equally likely to be observed
in all survey waves. Among the baseline covariates, only the age of the household head
is weakly associated with panel retention, and the magnitude of this effect is negligible.
Taken together with the very low overall attrition rates, these results suggest that differential
attrition is unlikely to bias our impact estimates in a meaningful way.

Finally, Not all outcomes were collected in every survey wave. Some variables were in-
cluded from the outset, while others were added later in response to operational constraints
and evolving priorities of the implementing agency. For example, the indicators reported
in Table B.3 were measured only in the two follow-up surveys, once the project activities
were underway. Similarly, food insecurity (FIES) was collected only in the first and second
follow-up rounds, after additional funding from GAFSP placed greater emphasis on food
security outcomes. We make this timing explicit in the tables and focus our interpretation
on the periods for which data are available.

4 | EMPIRICAL FRAMEWORK
The experimental design of this study uses a stratified approach by communities where
farms within communities are assigned to a treatment and control group. . The estimation
of the program’s impact is represented by the following equation:

Yij =a+ dDij + fj + eij

In this equation, Dy equals one if individual i from community j belongs to the treat-
ment group and zero if the individual belongs to the control group. Moreover, given the
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characteristics of the sampling design—specifically, the selection of participants within
the communities—it is essential to adjust the regression for community-level fixed effects,
denoted as f;, to account for the effects of sample stratification.

A typical analysis in experimental impact evaluation, particularly in its simplest form,
involves comparing means between a treatment group and a control group that have been
randomly assigned. Due to the randomness, it is expected that any observed differences
after the program’s implementation will result from the participation of one group in the
program while the other does not.

However, complications arise when the control group also benefits from the program in
some way, such as through the exchange of information with the treatment group. In such
cases, a simple comparison may not yield an accurate assessment of the program’s impact.
Under the presence of spillovers we interpret our results as a lower bound effects of the
program. Future work will analyze spillovers and control for these.

The treatment indicator captures random assignment to start the PDI early (treatment
group) versus with a delay (control group). All households in our sample are enrolled in
subsistence family agriculture PDIs, so there is no full compliance in take-up of the program.
Measures of intensity such as the number of trainings attended combine both supply-side
and demand-side factors and do not represent a single causal channel of the intervention.
For these reasons, we report the differences between being randomized into the program
or out of the program, which can be interpreted as the average treatment effect of being
enrolled in the PDI, which we view as the most transparent and policy-relevant estimand in
this context.

5 | RESULTS

51 | Implementation and take-up

Before comparing treatment and control groups, it is important to describe how the program
was implemented in practice. This section shows to what extent the activities and transfers
planned by the project actually reached the beneficiaries. Understanding the scale of inputs,
training, and assistance provided helps interpret the size and meaning of the impacts
reported later.

We present descriptive data of the implementation of the Inclusive Development Projects
(PDI). These data come from the program’s administrative records. The first aspect relates
to the capitalization of the PDIs, which corresponds to the monetary equivalent of all
inputs received by the beneficiaries from the program. On average, participants received an
equivalent of between $1,000 and $1,500, depending on the type of PDI they are involved in.
Of this amount, 75% consists of transferred goods, 14% pertains to technical assistance, 4%
to training, and 7% to administrative costs.

Regarding the intensity of training delivered on the ground, Figure A.3 reports the
average number of trainings received per beneficiary, by training topic and PDI group in the
evaluation sample. As discussed in Section 2.1, the experimental sample is restricted to fam-
ily agriculture PDIs oriented toward subsistence and community exchange. In this context,
“type of PDI” refers to groupings of these subsistence agriculture plans that share a similar
productive profile (for example, combinations of basic grains and complementary crops).
Each bar in Figure A.3 aggregates all households attached to PDIs in the corresponding
group, so the underlying number of beneficiaries differs across types.

The values in Figure A.3 are not necessarily integers because they show the average
number of trainings per household, rather than the total count of sessions. Not all ben-
eficiaries attended the same number of events within a given topic, and some trainings
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were targeted to subsets of households, which generates fractional means. Production- and
nutrition-related trainings are the most frequent, with average intensities ranging roughly
between one and six sessions per beneficiary across PDI groups. This variation reflects both
differences in local priorities and some heterogeneity in implementation across PDIs.

Concerning livestock inventory, Figure A.4 illustrates the number of birds and pigs
received by each beneficiary in each PDI of the sample. The number of birds varies between
10 and 30 per beneficiary, while the number of pigs delivered ranges from 1 to 9 pigs per
beneficiary. In conclusion, the administrative data suggests that the program fulfilled the
designed activities and the committed transfers.

51.1 | Nutrition related practices

We start the analysis of program effects with outcomes directly linked to nutrition and
household behavior. Improving hygiene, food preparation, and small-scale agricultural
diversification were key objectives of the program. This section examines whether partici-
pants changed their nutrition-related practices, which represent the first step toward better
diets and food security.

Table B.3 presents the impact on nutrition-sensitive practices, which are classified into
two groups: hygiene practices and agricultural practices. Except for the variables related
to the probability of establishing more than one crop (agricultural or fruit tree) and raising
animals (pigs and birds), the results presented here correspond to indices constructed using
Principal Component Analysis (PCA), used to reduce the dimensionality of a series of
variables that describe a phenomenon. In our case, all questions corresponding to each
dimension of the questionnaire were used for each index, and to measure the impact, the
score corresponding to the values provided by the PCA was utilized.

Regarding hygiene practices (panel a), a statistically significant and positive effect is
observed in food preparation and preservation, hygiene, and food handling, alongside
a negative effect in the management of water for household consumption, both in the
intermediate and final follow-ups. The numbers are interpreted as standard deviations,
with changes greater than 0.2 standard deviations considered large changes. Thus, the
program increased food preparation and preservation by 0.167 standard deviations during
the follow-up survey and by 0.278 standard deviations in the final survey. This implies that,
for every food preparation activity conducted by the control group, the treatment group
performs 1.36 activities. In terms of food preservation, for every activity reported by the
control group, the beneficiaries of the PAIPSAN-CCN report performing 1.45 activities.

If we analyze agricultural practices (panel b), positive and statistically significant effects
are found across all analyzed variables. It is observed that, compared to the control group,
the probability of establishing more than one agricultural crop in the production unit
increased by 3.3 times (7.7 percentage points) for the treatment group. Additionally, the
probability of establishing more than one fruit tree increased by 5.8 times compared to the
control group (14 percentage points).

Furthermore, the probability of raising pigs increased by 5.34 times (17.1 percentage
points) for the treatment group, and that of raising chickens increased by 7.86 times (16.5
percentage points). In this regard, it is explained that approximately 20% of families
receiving the PAIPSAN-CCN are involved in pig raising, with similar results for poultry.

Finally, positive and statistically significant effects are also observed in the use of im-
proved seeds for basic grains, fortified varieties, bio-inputs for fertilization, and post-harvest
management practices. These practices may contribute to food availability and improve
agricultural production. These results are interpreted as changes in standard deviations. For
basic grains, the results indicate that the treatment group increases the use of basic grains by
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0.7 standard deviations. This means that for every basic grain utilized by the control group,
the treatment group uses 1.22 grains.

51.2 | Post-Harvest: Use of Equipment and Technologies and Implementation of
Practices in the Production Unit

A second mechanism expected to affect production and food security was the improvement
in post-harvest management and technology use. These activities help reduce food losses,
increase storage capacity, and maintain product quality over time. In this section, we test
whether the program led to greater use of post-harvest equipment and better agricultural
practices among beneficiaries.

Similar to the case of implementing nutrition-sensitive practices, indices were con-
structed using PCA based on the use of equipment and practices in the production unit, as
well as the use of technologies and good agricultural practices. The impact results for these
variables are shown in Table B.4.

Regarding equipment used in the production unit, the results show that the treatment
group increased its use by 0.152 standard deviations in the final survey, and post-harvest
management practices increased by 0.389 and 0.211 standard deviations in the follow-
up and final surveys, respectively. This means that for every post-harvest management
activity reported by the control group, the beneficiaries receiving PAIPSAN-CCN perform
1.8 post-harvest activities in the follow-up and 1.38 activities in the final survey.

The increase in the implementation of post-harvest activities is linked to the provision
of tools to beneficiaries for developing productive activities. As these activities and the
necessary tools are part of the investment that all farmers make, they are always greater in
the treatment group.

To increase the volume of post-harvest management, investments were made in using
infrastructure such as sheds, silos, and barrels to achieve greater storage capacity, alongside
developing skills in techniques such as selection, drying, moisture control, and good storage
practices. Similar magnitudes are found for the use of technologies and good livestock
practices.

51.3 | Type of Training Received

Training is central for understanding how community-based projects change behavior.
Through group sessions, farmers can learn, exchange experiences, and coordinate produc-
tion decisions. This subsection presents the evidence on participation in different types of
training—such as management, associativity, and value addition—and shows whether the
program successfully activated these learning channels.

Regarding the type of training received, the results show an effect on participation in
training sessions for associativity, management, and value addition and transformation, but
not in the establishment of sales alliances. The impact on these variables can be found in
Table B.5. For example, in the intermediate follow-up, the probability of participating in
associativity training increases by 16 percentage points, and in the final follow-up, treatment
beneficiaries increase their probability of participating in the same training sessions by 9.7
percentage points compared to the control group.

Furthermore, the probability of receiving management training is 7.2 percentage points
higher for the treatment group in the entire sample during the intermediate follow-up. In
the final follow-up, the effect of receiving management training increases to 8.4 percentage
points for the entire sample.

Finally, the impact of the treatment on the probability of attending training sessions for
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value addition and transformation, as well as for the establishment of sales alliances, is
shown. For the entire sample, attendance at training sessions for value addition and trans-
formation increased by 4.3 percentage points for the treatment group in the intermediate
follow-up.

5.2 | Agricultural Production

After examining adoption of practices and technologies, we now turn to agricultural out-
comes. This section studies whether the program increased the probability of producing and
the number of crops grown across seasons. The results help assess if the program translated
behavioral changes into higher and more diversified production.

5.2.1 | Probability of Producing and Number of Seasonal Crops

Seasonal production is a key indicator of resilience for small farmers. By comparing results
across the apante and primera cycles, we can see whether the intervention helped house-
holds sustain or expand production under different weather and resource conditions. This
section looks at how production levels changed throughout the agricultural year.

Table B.6 shows the impact on the probability of producing and the number of crops
reported by beneficiaries during each season of the year.

In Nicaragua, agricultural production follows three main seasonal cycles that are de-
fined by rainfall patterns and soil moisture. The primera season, which runs roughly from
May to August, coincides with the onset of the rains and represents the primary planting
period for staple crops such as maize and beans. This cycle provides most of the food
consumed by rural households. The postrera season, from September to November, takes
advantage of residual moisture after the main rains and is mainly devoted to short-cycle
crops—particularly beans and sorghum-—serving as a secondary harvest that reinforces
household food security and generates surplus for sale. Finally, the apante season occurs
between December and March, during the dry season, and is only feasible in areas with
irrigation or high residual humidity, such as the Caribbean region. This cycle supports
the production of beans, rice, and vegetables, stabilizing food availability during the dry
months. Together, these three agricultural seasons structure Nicaragua’s farming calen-
dar and are central to understanding variations in yields, technology adoption, and food
security outcomes among smallholder farmers.

The intermediate follow-up corresponds to the apante season, while the final follow-up
pertains to the primera season. The program increased the probability of producing any crop
in both seasons (apante and primera), with a more substantial effect observed during the
apante season. The same trend is noted for the number of crops, indicating more diversified
production during this time.

For the treatment group, the program increased the probability of producing during
the apante season by 7.5 percentage points and by 3.8 percentage points during the primera
season. In terms of crop quantity, the treatment group experienced an increase of 0.5 crops
during apante due to the program and 0.2 crops during primera. These additional crops
include vegetables (e.g., tomato, chiltomas, carrot), fortified maize and beans, cacao, and
coffee within agroforestry and fruit systems.

5.2.2 | Basic Grains

Maize and beans are the main staple foods in Nicaragua and the basis of household con-
sumption and income. If the program was effective, we should observe higher production
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and yields for these crops. This subsection quantifies those effects and explores how the
adoption of improved seeds and practices translated into productivity gains.

For maize and beans, the impact on the probability of production, area planted in
manzanas, quantity produced in quintales, yield in quintales per manzanas, and the quantity
in quintales of production allocated to storage, seeds, loss, animal consumption, sale, and
self-consumption is presented.’

Table B.7 show the results for maize production. An increase is observed in the probabil-
ity of producing and in the quantity produced during both the apante and primera seasons,
as well as in yield during the apante season. No statistically significant effects are observed
in primera yield. The probability of producing maize increased by 9.2 percentage points in
apante and by 4.2 percentage points in primera; the number of quintales increased by 55.92%
in apante for the treatment group and by 33.33% in primera, with yield rising by 88% in
apante.

Beneficiaries’ efforts to produce high-quality maize this cycle are attributed to environ-
mental conditions during production, evidenced by the 88% increase in yield, combined
with crop management and the application of various practices promoted by the project
that improve yield.

Table B.8 show the results for bean production. Similar to maize, an increase in the
probability of production is observed in both apante and primera, with a larger effect in
apante, as well as increases in quantity produced and yield.

Our results show that the probability of producing beans increased by 17 percentage
points in apante and by 3 percentage points in primera. The quantity produced increased
by 4.735 quintales and yield by 7.99 qq/mz in apante. No statistically significant effects are
observed for quantity produced or yield in primera.

5.3 | Climate-Smart Agricultural Practices

Beyond specific crops, the program aimed to promote sustainable and climate-smart farming
practices. These include soil and water management, use of bio-inputs, and livestock
technologies that increase resilience to climate shocks. This section evaluates whether such
practices were adopted by beneficiary households.

For the analysis of good agricultural practices in the production unit, a Principal Com-
ponent Analysis (PCA) was conducted, similar to previous sections, using several variables
related to for perennial and semi-perennial crops. The impact results are shown in Table B.9.
Positive and statistically significant results are observed for annual crops in both seasons
(apante and primera), but not for perennial and semi-perennial crops.

We also analyze results regarding the use of production technologies in agricultural
crops. Each variable in the panel corresponds to the index constructed through Principal
Component Analysis (PCA). Positive and statistically significant effects are observed in
the use of seeds and bio-inputs in both the intermediate and final follow-ups, in the use of
livestock technologies during the intermediate follow-up, and in the use of agro-ecological
technologies during the final follow-up.

Similarly, indices were constructed using PCA to analyze the impact on good agricultural
practices. Positive and statistically significant results are observed in all analyzed good
agricultural practices (production systems, soil and water management practices, livestock

5In Nicaragua and much of Central America, agricultural land area is commonly measured in manzanas rather
than hectares. One manzana is a traditional unit of land area equivalent to 0.7 hectares (approximately 1.73
acres). The measure originates from colonial-era surveying systems and remains the standard unit used
by farmers, local agencies, and agricultural programs for reporting plot size, yields, and input use. For
comparability, all reported areas can be converted to hectares by multiplying manzanas by 0.7.
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practices), both in the intermediate and final follow-ups.

54 | Inputs

The program also sought to strengthen access to productive inputs and community organi-
zations, which are key for smallholder development. By providing seeds, tools, technical
support, and opportunities for cooperation, it aimed to overcome market and coordina-
tion failures. This section reports how the program affected access to these resources and
participation in producer groups.

Table B.10 presents the results regarding the probability of participating in any pro-
ductive or community organization and the production inputs received by the program
beneficiaries. An increase is observed in the probability of participating in productive and
community organizations during both the intermediate and final follow-ups, as well as in
the probability of receiving seeds, technical assistance, commercial support, and technology
and equipment.

According to panel a) of the table, the probability of belonging to a productive organiza-
tion increased by 19 percentage points in the intermediate follow-up and by 10.2 percentage
points in the final follow-up. On the other hand, the probability of belonging to a community
organization increased by 6.1 percentage points in the intermediate follow-up and by 3
percentage points in the final follow-up.

In panel b), it can be seen that the probability of receiving seeds increased by 24.6 per-
centage points, the probability of receiving technical assistance increased by 0.9 percentage
points, commercial support by 16.6 percentage points, and technology and equipment by
2.9 percentage points in the intermediate follow-up.

In the final follow-up, the probability of receiving seeds decreased to 15.6 percentage
points, while the probability of receiving technical assistance increased to 21.1 percentage
points, the probability of receiving commercial support increased to 18.7 percentage points,
and the probability of receiving technology and equipment increased by 18.6 percentage
points.

5.5 | Satisfaction, Quality of Life, and Food Insecurity

Finally, we analyze outcomes that reflect household well-being more broadly. Improvements
in satisfaction, perceived quality of life, and food security indicate whether the program’s
economic effects translated into better living conditions. This section looks at both short-
term improvements and whether they were sustained over time.

Beneficiary satisfaction was measured based on perceptions regarding the yields of the
last harvest, household nutrition, and quality of life. To assess the impact, we considered
those who reported being satisfied or very satisfied in each context.

Table B.11 presents the results concerning the impact on satisfaction with production,
food, and household quality of life. Positive and statistically significant effects are observed
across these three variables during both periods.

The probability of being very satisfied or satisfied with the harvest increased by 13.4
percentage points in the intermediate follow-up and by 6 percentage points in the final
follow-up. Additionally, the impact on satisfaction with household food also increased by
5.5 percentage points in the final follow-up. Lastly, the perception of quality of life increased
by 5.3 percentage points in the intermediate follow-up and by 3.8 percentage points in the
final follow-up.

Next, the program’s impact was studied on the global food security scale and on medium
and high levels of insecurity. This scale, designed by the FAO with its project “Voices of the
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Hungry,” attempts to measure severity through a continuous scale and involves responses
to eight simple questions about adequate access to food. The concepts underlying these
questions have a long history and refer to the food security experiences individuals may
face, emerging from ethnographic studies aimed at understanding the experience of hunger.

Food insecurity is viewed as a continuous scale of severity. Research in the United
States and other parts of the world has revealed that the experience of food insecurity is
characterized in its early stages by uncertainty and anxiety about food access, leading to
changes in diet quality (such as less balanced and more monotonous). As severity increases,
the quantity of food consumed decreases, meals are skipped, and at the most severe level,
people stop eating. These dimensions of food insecurity have been documented in various
studies and appear to be common across different cultures and countries.

Responses to the scale questions can be “yes” or “no,” and a higher score indicates a
greater level of food insecurity. For instance, question 1 asks, “Did you or other members
of the household worry about not having enough food due to lack of money or other
resources?” A person responding “yes” would contribute to a higher score. Consequently,
a person with a score of 8 on the scale is experiencing the highest level of food insecurity,
while someone with a score of 2 is experiencing a very low level of insecurity. Based on this,
the authors consider two important thresholds for analysis based on a person’s score:

* Medium level of insecurity: if the score is greater than 4.
* High level of insecurity: if the score is greater than 7.

As one of the program’s main objectives, reducing this indicator becomes essential to
improving the well-being and health of the population and future generations.

The impact results in Table B.12 indicate that, in the intermediate follow-up, there is a
decrease in the levels of food insecurity experienced by families, both on the global scale
and at medium and high levels of insecurity; however, these results do not persist in the
final follow-up.

In the intermediate follow-up, it is observed that the level of food insecurity decreased
by 0.5 points on the global scale for the treatment group, the probability of experiencing a
medium level of insecurity decreased by 6 percentage points, and the probability of having
a high level of insecurity decreased by 4 percentage points. In the final follow-up, no
significant differences are found between treatment and control beneficiaries. While both
groups experience a drop in their levels of food insecurity, the control group shows a greater
decline, leading to lower food insecurity levels in both groups. For example, data show that
in the intermediate follow-up, 21.9% of control group beneficiaries reported high levels of
food insecurity, compared to 17.5% in the treatment group. In the final follow-up, 6.4% of
control beneficiaries present high levels of food insecurity compared to 8.9% in the treatment
group. In both groups, levels decrease considerably between periods.

6 | CONCLUSION

This paper provides experimental evidence on the effects of a community-driven develop-
ment (CDD) program explicitly designed to promote climate-smart agriculture (CSA) and
food security in Latin America. Using a within-community randomized design, we estimate
the causal effects of the PAIPSAN project implemented in rural Nicaragua. The results
show that community-based delivery substantially increased the adoption of improved
agricultural inputs—such as certified seeds, bio-fertilizers, and storage systems—alongside
broader improvements in livestock ownership, participation in producer organizations,
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and nutrition-sensitive practices. These behavioral and productive changes translated into
higher yields of maize and beans, increased diversification, and measurable improvements
in food security and self-reported well-being.

Beyond the empirical results, this paper makes three main contributions to the literature.
First, it helps us understand better when and how community-driven development (CDD)
programs can increase agricultural productivity and household welfare. Most CDD evalua-
tions focus on local governance or participation, while evidence on productive outcomes is
still limited (Beath et al., 2017; Humphreys et al., 2019; Saguin, 2018). Our results show that
participatory models can also improve material conditions, offering a successful example of
decentralized development.

In addition, the paper connects the CDD and climate-smart agriculture (CSA) literatures
by studying whether community delivery can reduce coordination and risk barriers that
limit the adoption of sustainable technologies (Arslan et al., 2015; Amadu et al., 2020). The
findings suggest that social learning, joint management of inputs, and collective monitoring
are key channels through which participation increases productivity and resilience. Finally,
by using data from several agricultural seasons, we are able to follow short- and medium-
term changes in adoption, yields, and welfare, and to explore differences by gender, income,
and production system. Taken together, these results help explain the mixed evidence
on CDD programs and clarify the mechanisms through which participatory agricultural
interventions can generate lasting improvements in rural livelihoods and climate resilience.

While the randomized design provides credible evidence of causal impacts, several
limitations should be noted. First, because randomization occurred within communities that
shared training sessions, demonstration plots, and collective storage facilities, spillovers
between treated and control households are likely. Such diffusion would transmit knowl-
edge and technologies beyond the treated group, thereby biasing our estimated treatment
effects toward zero. The positive impacts we document should thus be interpreted as
lower-bound estimates of the program’s total effect when implemented at scale. Second,
some outcomes—particularly yields and food security—rely on self-reported measures,
which may contain reporting error or recall bias, although the magnitude of the effects
and their consistency across data sources mitigate this concern. Third, despite tracking
households across two agricultural seasons, we cannot rule out short-term attenuation or
season-specific shocks as explanations for the decline in some outcomes by the final survey.
Finally, our study captures effects over a two-year horizon and does not measure long-term
sustainability or general equilibrium effects, such as market price responses or spillovers to
neighboring communities. These caveats suggest that our estimates are conservative and
that future work should examine persistence and system-wide impacts over longer periods.

A natural limitation of this study is that it cannot speak directly to the cost-effectiveness
of the intervention. The analysis documents sizeable gains in technology adoption, yields
and food security, and the implementation section reports average program costs per benefi-
ciary and per PDI type, but I do not observe sufficiently detailed and reliable data on output
prices or marketing margins to translate these physical gains into changes in farm profits or
household income. As a result, the paper provides evidence on the technical effectiveness
of a community-based, climate-smart program—showing that it can raise production and
improve food security in the short and medium run—but it cannot assess whether these
benefits justify the fiscal and implementation costs under alternative pricing and market
conditions. A useful extension for future work would be to combine similar experimental
designs with high-frequency data on prices, input costs and marketing channels in order to
recover more precise estimates of economic returns and benefit—cost ratios.

Overall, the findings highlight the potential of community-driven approaches to scale
up climate-smart agriculture and strengthen food security in rural areas. By combining
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productive investments with local participation, programs like PAIPSAN can enhance
technology adoption, improve resilience to climate shocks, and foster inclusive rural de-
velopment. These results suggest that integrating community-based delivery mechanisms
into national agricultural and food security strategies can be an effective policy tool for
promoting sustainable growth and reducing vulnerability among smallholder farmers.
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FIGURE A.3 Number of training received by Beneficiaries by type and PDI
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Note: The labels refer to the main thematic focus of activities within the subsistence family agriculture PDIs. “Produccion” covers
general crop and farm management; “Fiduciario” refers to basic financial and administrative management (record-keeping, budgeting,
compliance with project rules); “Hortalizas” focuses on vegetable production; “Pecuario” on small livestock and animal husbandry;
“Nutricién” on nutrition-sensitive practices, food preparation and dietary counselling; “Asociatividad” on group organisation, producer
associations and collective marketing; and “Ambiental” on environmental management and climate-smart practices, including soil
conservation, water management and agroforestry.

FIGURE A.4 Number of birds and pigs received by Beneficiaries by type and PDI
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B | TABLES

TABLE B.1 Baseline Balance in Sample

Treatment Control
Group Group
Description Mean Std. Err.  Obs Mean Std. Err.  Obs  p-value
Age in years 40.621 14.461 902 39.993 14.031 905 0.346
Female (=1) 0.304 0460 902 0275 0.447 905 0.182
Mestizo (=1) 0.711 0454 902  0.750 0433 905 0.000
Can Read and Write 0.718 0450 902  0.675 0469 905 0.054
Main Activity: Agriculture 0.941 0.235 902  0.959 0.198 905 0.066
Main Activity: Livestock 0.804 0397 902  0.780 0414 905 0.201
Main Activity: Small Businesses 0.098 0297 902  0.082 0.274 905 0.258
Main Activity: Other 0.057 0231 902  0.076 0.266 905 0.046
Number of Household Members 4.81 2.039 902  4.827 3.314 905 0.885
Housing Type House (=1) 0.969 0174 902 0973 0.161 905 0.511
Floor Type Earth (=1) 0.480 0.500 902  0.490 0.500 905 0.736
Roof Type Zinc (=1) 0.922 0268 902 0917 0.276 905 0.657
Energy Source: Electric Grid (=1) 0.340 0474 902 0317 0466 905 0.171
Own Housing with Deed (=1) 0.397 0490 902 0417 0493 905 0.431
Own Housing without Deed (=1) 0.468 0499 902  0.467 0499 905 0.888
Water from Communal or Private Well (=1)  0.350 0477 902 0331 0471 905 0.220
Water from Spring (=1) 0.264 0441 902 0277 0.448 905 0.432
Water from River or Stream (=1) 0.153 0360 902  0.152 0.360 905 0.901
Unimproved Latrine (=1) 0.302 0459 902  0.295 0.456 905 0.811
Improved Latrine (=1) 0.441 0497 902 0422 0.494 905 0.446
Language Spoken: Spanish (=1) 0.340 0474 902 0294 0456 905 0.018
Language Spoken: Misquita (=1) 0.950 0218 901  0.955 0.208 903 0.577
No Education 0.257 0437 901 0.216 0412 903 0.000
Higher Education 0.072 0259 902  0.055 0.229 905 0.156
Employment (=1) 0.027 0.161 902  0.034 0.182 905 0.351
Was Sick for at Least 1 Day (=1) 0.271 0444 902 0275 0.447 905 0.784
Had Respiratory Illness (=1) 0.309 0462 902  0.306 0461 905 0.852
Had Diarrhea (=1) 0.284 0451 902  0.286 0452 905 0.970
INB=1 (Extreme Poverty) 0.049 0216 902  0.043 0.203 905 0.564
Produced in Apante (=1) 0.777 0416 902 0.773 0419 905 0.723
Produced in Primera (=1) 0.701 0458 902  0.704 0457 905 0.953
Produced in Postrera (=1) 0.303 0460 902  0.343 0475 905 0.031
Total Productivity Apante 0.681 0466 902  0.696 0.460 905 0.413
Total Productivity Primera 52925 129.725 632 70.797 526.171 637 0.406
Total Productivity Postrera 17.764 24.348 272 15.940 22.881 310 0.571

This table reports baseline means and standard deviations for key demographic and socioeconomic characteristics of households in the
treatment and control groups. The final sample includes individuals with complete information across all survey rounds. Differences
in means are tested using two-sided t-tests that account for the stratified randomization design described in equation (1). Reported
p-values correspond to the null hypothesis of equality in means between groups. Consistent with random assignment, no statistically
significant differences are observed across core baseline characteristics, indicating that the treatment and control groups are balanced.
Minor differences in a few variables are within the range expected under random sampling.
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TABLE B.2 Probability of Remaining in the Longitudinal Sample

) @)
OLS, community FE ~ OLS, community FE

Treat

0.018 0.018
(0.012) (0.012)

Household size 0.003
(0.003)

Head can read and write -0.003
(0.014)

Household head is female 0.011
(0.014)
Age of household head 0.000**
(0.000)

Observations 1,810 1,810

Notes: The dependent variable is an indicator equal to 1 if the household is observed in all survey waves (longitudinal sample). Both
columns report linear probability models (OLS) with community fixed effects. Column (1) includes only the treatment indicator; column

(2) additionally controls for household size, literacy of the household head, sex of the household head, and age of the household head.
Standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.10.

TABLE B.3 Impact on Implementing Nutrition/Climate Sensitive Practices

Panel A: Nutrition sensitive practices

Food Preparation and Preservation Food Hygiene and Handling

Follow-up I Follow-up II Follow-up I Follow-up II
M 2 (©) 4) () (©) @) ®)
Treatment = 1 0.153** 0.167** 0.277*** 0.278*** -0.009  0.167**  0.173* 0.278***
(0.076) (0.076) (0.080) (0.080) (0.068)  (0.076)  (0.071) (0.080)
Control Mean -0.062 -0.062 -0.163 -0.163 -0.014  -0.014  -0.087 -0.087
Panel B: Climate sensitive practices (Follow-up II Only)
More Than One Crop  More Than One Fruit Tree Raises Pigs Raises Birds
Treatment = 1 0.076**  0.077***  0.141** 0.140%** 0.171%%  0.170***  0.165*** 0.165***
0.011)  (0.011)  (0.012) (0.012) 0.014)  (0.014)  (0.014) (0.014)
Control Mean 0.023 0.023 0.024 0.024 0.032 0.032 0.021 0.021
Staple Grains Biofortified Varieties Bio-inputs Post-harvest Management
Treatment = 1 0.699**  0.704***  0.451** 0.452%** 0.194**  0.193***  0.439*** 0.442++*
(0.068) (0.068) (0.073) (0.073) (0.063)  (0.064)  (0.054) (0.054)
Control Mean -0.333 -0.333 -0.209 -0.209 -0.090  -0.090  -0.206 -0.206
Observations 1,568 1,568 1,568 1,568 1,568 1,568 1,568 1,568
Community FE Yes Yes Yes Yes Yes Yes Yes Yes
Demographic Controls No Yes No Yes No Yes Yes No

This table reports ordinary least squares estimates of the program’s impact. In columns 1 and 3, 5 and 7 of panel a), the effect of the
treatment is shown at intermediate and final follow-up (respectively) controlled for fixed effects by community. In columns 2 and 4, 6 and
8, the effect of the treatment at intermediate and final follow-up (respectively) is controlled for fixed effects by community, household
demographic aspects (number of household members, education, gender, and age of the household head), and ethnicity. Panel b) shows
the program’s impact at the final follow-up. In columns 1, 3, 5, and 7, the effect of the treatment is shown controlled for fixed effects by
community, and in columns 2, 4, 6, and 8, the effect of the treatment is controlled for fixed effects by community, household demographic

aspects (number of household members, education, gender, and age of the household head), and ethnicity. *** Significance at 1%; **
Significance at 5%.; * Significance at 10%.
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TABLE B.4 Impacton Post-Harvest: Use of Equipment and Technologies and
Implementation of Practices
Panel A: Equipment and Practices in the Productive Unit
Equipment Used Management Practices
Follow-up 1 Follow-up II Follow-up I Follow-up II
) @ ®) *) ©) (6) @) ®)
Treatment = 1 0.014 0.030  0.161** 0.152*** 0.400*** 0.389*** 0.211*** 0.201***
(0.052)  (0.052)  (0.050)  (0.051)  (0.073)  (0.073)  (0.076)  (0.077)
Control Mean -0.013  -0.013 -0.074  -0.074 -0.223 -0.223 -0.105 -0.105
Observations 1568 1568 1568 1568 1568 1568 1568 1568
Community FE Yes Yes Yes Yes Yes Yes Yes Yes
No Yes No Yes No Yes Yes No

Demographic Controls

Panel B: Technologies and Good Agricultural Practices
Baseline Follow-up I

@ @ ©)

0.382%*  0.301***

Follow-up II

) ©)
0.287***

0.111 0.401%**

Treatment =1
(0.070)  (0.070)  (0.071)  (0.079)  (0.079)
Control Mean -0.056 -0.227 -0.227 -0.156 -0.156
Observations 1810 1678 1678 1678 1678
Community FE Yes Yes Yes Yes Yes
No Yes No Yes

Demographic Controls No
This table reports ordinary least squares estimates of the program’s impact. In columns 1 and 3, 5 and 7 of panel a), the effect of the
treatment is shown at intermediate and final follow-up (respectively), controlled for fixed effects by community. In columns 2 and 4, 6
and 8, the effect of the treatment at intermediate and final follow-up (respectively) is controlled for fixed effects by community, household
demographic aspects (number of household members, education, gender, and age of the household head), and ethnicity. In column 1 of
panel b), the effect of the treatment at baseline is shown. In columns 2 and 4, the effect at intermediate and final follow-up (respectively) is
controlled for fixed effects by community. In columns 3 and 5, the effect of the treatment at intermediate and final follow-up (respectively)
is controlled for fixed effects by community, household demographic aspects (number of household members, education, gender, and age

of the household head), and ethnicity. *** Significance at 1%; ** Significance at 5%.; * Significance at 10%.
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TABLE B.5 Attending Probability and Training Evaluation

Panel A: Attending training and perception of training

Probability of Attending

Attended at Least Three Trainings

Follow-up I Follow-up II Follow-up I Follow-up II
@) @) ®) ) ©) (6) @) ®)
Treatment = 1 0.175%* 0.175**  0.219*** 0.216** 0.102*** 0.101*** 0.090**  0.090***
(0.015)  (0.015)  (0.016)  (0.016)  (0.012) (0.012)  (0.013)  (0.013)
Control Mean 0.097 0.097 0.078 0.078 0.039 0.039 0.037 0.037
Rated as Good or Very Good Spouse Attended
Follow-up I Follow-up II Follow-up I Follow-up II
Treatment = 1 0.170***  0.170**  0.190***  0.188***  0.140** 0.101***  0.108**  0.090***
(0.015)  (0.015)  (0.016)  (0.016)  (0.015)  (0.012)  (0.015)  (0.013)
Control Mean 0.098 0.098 0.102 0.102 0.066 0.066 0.086 0.086
Panel B: Type of training attended
Associativity Administration
Follow-up I Follow-up II Follow-up I Follow-up II
Treatment = 1 0.153***  0.156**  0.097***  0.097*** 0.072*** 0.073*** 0.084** 0.083***
(0.017) ~ (0.017)  (0.016)  (0.016)  (0.010)  (0.010)  (0.015)  (0.015)
Control Mean 0.096 0.096 0.158 0.158 0.020 0.020 0.080 0.080

Value Addition and Transformation

Alliances for Sales

Follow-up I Follow-up II Follow-up I Follow-up II
Treatment = 1 0.043***  0.043***  0.056** 0.056***  0.004 0.004 0.004 0.004
(0.009)  (0.009)  (0.007)  (0.007)  (0.004)  (0.004)  (0.003)  (0.003)
Control Mean 0.015 0.015 0.000 0.000 0.003 0.003 0.001 0.001
Observations 1,678 1,678 1,678 1,678 1,678 1,678 1,678 1,678
Community FE Yes Yes Yes Yes Yes Yes Yes Yes
Demographic Controls No Yes No Yes No Yes Yes No

This table reports ordinary least squares estimates of the program’s impact. In columns 1 and 3, 5 and 7 of panel a), the effect of the
treatment is shown at intermediate and final follow-up (respectively), controlled for fixed effects by community. In columns 2 and 4, 6
and 8, the effect of the treatment at intermediate and final follow-up (respectively) is controlled for fixed effects by community, household
demographic aspects (number of household members, education, gender, and age of the household head), and ethnicity. *** Significance

at 1%; ** Significance at 5%.; * Significance at 10%.
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TABLE B.6 Impact on Probability of Production and Number of Crops

Panel A: Probability of production

Baseline Follow-up I Follow-up II
@ @) C) @) ©) (6) @)
Agri. Season Apante Primera Postrera Apante Apante Primera Primera
Treatment = 1 0.005 0.005 -0.027  0.077*** 0.075***  0.042**  0.038*
(0.021)  (0.021)  (0.023)  (0.015)  (0.015)  (0.020)  (0.020)
Control Mean 0.706 0.720 0.372 0.825 0.825 0.728 0.728
Panel B: Number of crops
Baseline Follow-up I Follow-up II
0] @ @) ) ®) (6) @)
Agri. Season Apante Primera Postrera Apante Apante Primera Primera
Treatment = 1 -0.079  0.167***  -0.036  0.519*** 0.537** (.222***  (.233***
(0.051)  (0.060)  (0.036)  (0.050)  (0.050)  (0.056)  (0.056)
Control Mean 1.291 1.362 0.524 1.421 1.421 1.208 1.208
Observations 1,810 1,810 1,810 1,678 1,678 1,678 1,678
Community FE Yes Yes Yes Yes Yes Yes Yes
Demographic Controls No No No No Yes No Yes

This table reports ordinary least squares estimates of the program’s impact. In columns 1, 2, and 3, the effect of the treatment is shown
during the seasons of apante, primera, and postrera at baseline. In columns 4 and 6, the effect of the treatment at intermediate and
final follow-up (respectively) is controlled for fixed effects by community, and finally, in columns 5 and 7, the effect of the treatment at
intermediate and final follow-up (respectively) is controlled for fixed effects by community, household demographic aspects (number of
household members, education, gender, and age of the household head), and ethnicity. Primera marks the main rainy-season sowing;
Postrera uses the tail end of the rains; and Apante extends cultivation into the dry months in wetter regions. Together, these three
seasons define Nicaragua'’s agricultural calendar and are essential for analyzing production cycles, yields, and food security outcomes in
evaluations like PAIPSAN. *** Significance at 1%; ** Significance at 5%.; * Significance at 10%.
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TABLE B.7 Impact on Maize Production

Panel A: Probability of producing Maize

Baseline Follow-up I Follow-up II
@ @ ©) @) ©) (6) @
Agri. Season Apante Primera Postrera Apante Apante Primera Primera
Treatment = 1 -0.003 0.026 -0.014  0.092** 0.098**  0.035 0.042*
(0.023)  (0.024)  (0.021)  (0.022)  (0.022)  (0.021)  (0.021)
Control Mean 0.379 0.489 0.295 0.550 0.550 0.552 0.552
Panel B: Sown area (mz)
Baseline Follow-up I Follow-up II
@ @) C) Q) ®) (6) @)
Agri. Season Apante Primera Postrera Apante Apante Primera Primera
Treatment = 1 0.027 0.071 0.158 -0.012 0.021 0.091 0.098
(0.045)  (0.056)  (0.198)  (0.104) (0.104)  (0.070)  (0.070)
Control Mean 0.518 0.644 0.427 0.825 0.825 0.698 0.698
Panel C: Quantity produced (qq)
Baseline Follow-up I Follow-up II
@ @ @) ) ®) (6) @)
Agri. Season Apante Primera Postrera Apante Apante Primera Primera
Treatment = 1 0.317 0.412 -0.210  5.436%* 5367** 2265 = 2.271*
(1.220)  (1.067)  (0.981)  (2.752) (2.769)  (0.983)  (0.990)
Control Mean 12426  14.427 9.065 9.711 9.711 6.799 6.799
Panel D: Yield (qq/mz)
Baseline Follow-up I Follow-up I
@ @ ®G) @) ®) (6) @
Agri. Season Apante Primera Postrera Apante Apante Primera Primera
Treatment = 1 -0.061 -2.555 -0.675 8.116** 6.941% 1.841 1.850
(0.760)  (3.000)  (0.709)  (4.050) (4.056)  (1.860)  (1.874)
Control Mean 9.918 15.325 7.276 9.169 9.169 7.051 7.051
Observations 1,810 1,810 1,810 1,678 1,678 1,678 1,678
Community FE Yes Yes Yes Yes Yes Yes Yes
Demographic Controls No No No No Yes No Yes

Estimates are based on ordinary least squares of the program’s impact. In columns 1, 2, and 3, the effect of the treatment is shown for the
apante, primera, and postrera seasons at baseline. In columns 4 and 6, the effect of the treatment at intermediate and final follow-up
(respectively) is controlled for fixed effects by community, and finally, in columns 5 and 7, the effect of the treatment at intermediate and
final follow-up (respectively) is controlled for fixed effects by community and household demographic aspects (number of household
members, education, gender, and age of the household head) and ethnicity. Primera marks the main rainy-season sowing; Postrera uses
the tail end of the rains; and Apante extends cultivation into the dry months in wetter regions. Together, these three seasons define
Nicaragua’s agricultural calendar and are essential for analyzing production cycles, yields, and food security outcomes in evaluations like
PAIPSAN. *** Significance at 1%; ** Significance at 5%.; * Significance at 10%.
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TABLE B.8 Impacton Beans Production

Panel A: Probability of producing Beans

Baseline Follow-up I Follow-up II
@ @ ©) @) ©) (6) @
Agri. Season Apante Primera Postrera Apante Apante Primera Primera
Treatment = 1 0.021 -0.021 -0.006  0.168** 0.164**  0.032* 0.033*
(0.023)  (0.015)  (0.017)  (0.018)  (0.018)  (0.017)  (0.017)
Control Mean 0.577 0.127 0.166 0.676 0.676 0.135 0.135
Panel B: Sown area (mz)
Baseline Follow-up I Follow-up II
@ @) C) Q) ®) (6) @)
Agri. Season Apante Primera Postrera Apante Apante Primera Primera
Treatment = 1 0.280 -0.021 0.065 -0.424 -0.279 0.023 0.024
(0.280)  (0.019)  (0.048)  (0.458)  (0.460)  (0.018)  (0.018)
Control Mean 0.707 0.117 0.169 1.332 1.332 0.118 0.118
Panel C: Quantity produced (qq)
Baseline Follow-up I Follow-up II
@ @ @) ) ®) (6) @)
Agri. Season Apante Primera Postrera Apante Apante Primera Primera
Treatment = 1 0.487 -0.235 0.208  4.735*** 4.474**  0.934* 0.952*
(1.024) (0.350)  (0.486)  (1.772)  (1.778)  (0.886)  (0.893)
Control Mean 12.328 2.093 3.024 11692 11.692 1.301 1.301
Panel D: Yield (qq/mz)
Baseline Follow-up I Follow-up I
@ @ ®G) @) ®) (6) @
Agri. Season Apante Primera Postrera Apante Apante Primera Primera
Treatment = 1 0.009 -0.126 -0.045 7.992%* 7.279* 1.253 1.361
(0.851)  (0.454)  (0.419)  (3.840) (3.866)  (1.924)  (1.940)
Control Mean 11.644 2.626 3.004 12.465  12.465 2.241 2.241
Observations 1,810 1,810 1,810 1,678 1,678 1,678 1,678
Community FE Yes Yes Yes Yes Yes Yes Yes
Demographic Controls No No No No Yes No Yes

Estimates are based on ordinary least squares of the program’s impact. In columns 1, 2, and 3, the effect of the treatment is shown for the
apante, primera, and postrera seasons at baseline. In columns 4 and 6, the effect of the treatment at intermediate and final follow-up
(respectively) is controlled for fixed effects by community, and finally, in columns 5 and 7, the effect of the treatment at intermediate and
final follow-up (respectively) is controlled for fixed effects by community and household demographic aspects (number of household
members, education, gender, and age of the household head) and ethnicity.Primera marks the main rainy-season sowing; Postrera uses
the tail end of the rains; and Apante extends cultivation into the dry months in wetter regions. Together, these three seasons define
Nicaragua’s agricultural calendar and are essential for analyzing production cycles, yields, and food security outcomes in evaluations like
PAIPSAN. *** Significance at 1%; ** Significance at 5%.; * Significance at 10%.
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TABLE B.9 Impact on CSA practices

Panel A: Adoption in agricultural crops

Follow-up I

Follow-up I

1) @)

®) )

Treatment =1
(0.080) (0.081)
Control Mean -0.268 -0.268

0.483**  0.476***

0.195%*  (0.192***

(0.092)  (0.092)
0.103  -0.103

Panel B: Adoption in Perennial crops

Follow-up I Follow-up II
1) @ ®) )
Treatment = 1 0.066 0.063 -0.109 -0.105
(0.062)  (0.063)  (0.068)  (0.069)
Control Mean -0.033 -0.033 0.043 0.043
Observations 1,678 1,678 1,678 1,678
Community FE Yes Yes Yes Yes
Demographic Controls No Yes No Yes

Estimates are based on ordinary least squares of the program’s impact. In columns 1 and 3, the effect of the treatment is shown for
intermediate and final follow-up (respectively) controlled for fixed effects by community. In columns 2 and 4, the effect of the treatment in
the intermediate and final follow-up (respectively) is controlled for fixed effects by community, household demographic aspects (number
of household members, education, gender, and age of the household head), and ethnicity. *** Significance at 1%; ** Significance at 5%.; *

Significance at 10%.
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TABLE B.10 PAIPSAN Program and Inputs
Panel A: Probability of participating in:

Producer cooperatives

Community cooperatives
Baseline Follow-up I Follow-up II Baseline Follow-up I Follow-up II
() @ ©) 4) ©) 6) @) ®) ) (10)
Treatment = 1 -0.000  0.190*** 0.192*** 0.102*** (0.102*** 0.061 0.039***  0.030**  0.010 0.001
(0.008)  (0.017)  (0.018)  (0.018)  (0.018)
Control average 0.029 0.108

0.019)  (0.016)  (0.016)

0.108 0.232 0.232 0.183

(0.014)  (0.014)

0.110 0.110 0.079 0.079
Panel B: Probability of receiving support in:

Inputs (seeds, fertilizers)

Technical Assistance
Baseline Follow-up I Follow-up II Baseline Follow-up I Follow-up I
) @ ®) ) ®) (6) ?) ® ) (10)
Treatment = 1 0.004  0.246™* 0.247*** 0.156** 0.158***  0.002
(0.006)  (0.015)  (0.016)

0.009**  0.010**
(0.015)  (0.015)
Control average

0.211%*  0.213***
(0.005)  (0.004) (0.004) (0.015)  (0.015)
0.012 0.039 0.039 0.053 0.053 0.011 0.001 0.001 0.037 0.037
Commercial Support Technology and Equipment
Baseline Follow-up I Follow-up I Baseline Follow-up I Follow-up II
@ @ ©)] © ©) (6) @) ®) ©) (10)
Treatment = 1 0.001  0.166** 0.167** 0.187*** 0.188***  0.001 0.029 0.028  0.186*** 0.185***
(0.001)  (0.018)  (0.018)  (0.016)  (0.016)  (0.002)  (0.007) (0.007) (0.015)  (0.015)
Control average 0.000 0.151 0.151 0.105 0.105 0.001 0.007 0.007 0.050 0.050
Observations 1,678 1,678 1,678 1,678 1,678 1,678 1,678 1,678 1,678 1,678
Community FE Yes Yes Yes Yes Yes Yes Yes
Demographic Controls No No

Yes Yes Yes
Yes No Yes No

No Yes No Yes
Ordinary least squares (OLS) estimates of the program’s impact. Columns (1) and (6), (2) and (7), and (4) and (9) report the treatment
effect at baseline, intermediate, and final follow-up (respectively), controlling for community fixed effects. Columns (3) and (8), and (5)
and (10) report the treatment effect at the intermediate and final follow-up (respectively), controlling for community fixed effects as
well as household demographic characteristics (household size, education, gender, and age of the household head) and ethnicity. ***
Significance at 1%; ** Significance at 5%.; * Significance at 10%.
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TABLE B.11 PAIPSAN Program and Subjective Well Being

Panel A: With Harvest

Baseline Follow-up I Follow-up I
@ @ ©) @ ©)
Treatment = 1 0.027  0.138*** 0.134*** 0.063*** 0.061***

0.020)  (0.021) (0.021)  (0.022)  (0.022)

Control Mean 0.706 0.600 0.600 0.600 0.616

Panel B: With Food

Baseline Follow-up I Follow-up II
@ @ ©) @ ©)
Treatment = 1 -0.002  0.059*** 0.059*** 0.054*** 0.055***

0.017)  (0.015) (0.015) (0.013)  (0.013)

Control Mean 0.824 0.812 0.812 0.616 0.839

Panel C: With Quality of Life

Baseline Follow-up I Follow-up II
@ @ ©) @ ©)
Treatment = 1 -0.002  0.052*** 0.053*** 0.038*** 0.036***

(0.017)  (0.015) (0.015) (0.013) (0.013)

Control Mean 0.823 0.819 0.819 0.839 0.839
Observations 1,678 1,678 1,678 1,678 1,678
Community FE Yes Yes Yes Yes Yes
Demographic Controls No No Yes No Yes

Ordinary least squares (OLS) estimates of the program’s impact. Columns (1), (2), (4), report the treatment effect at baseline, intermediate,
and final follow-up (respectively), controlling for community fixed effects. Columns (3) and (5), report the treatment effect at the
intermediate and final follow-up (respectively), controlling for community fixed effects as well as household demographic characteristics
(household size, education, gender, and age of the household head) and ethnicity. *** Significance at 1%; ** Significance at 5%.; *
Significance at 10%.
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TABLE B.12 PAIPSAN Program and Food Insecurity

Global Scale Medium Level of Insecurity (=1)
Follow-up I Follow-up II Follow-up I Follow-up II
@ @ ®) ©) ©) (6) @) ®)
Treatment = 1 -0.489* -0.489* 0.089  0.072 -0.059** -0.060** 0.010  0.005

(0.143)  (0.142) (0.124) (0.124) (0.022)  (0.022) (0.018) (0.018)

Control Average 3.292 3.292 1978 1978 0.349 0.349 0.205  0.205
Observations 1,619 1,619 1,619 1,619 1,619 1,619 1,619 1,619
Community FE Yes Yes Yes Yes Yes Yes Yes Yes
Demographic Controls No Yes No Yes No Yes Yes No

Ordinary least squares (OLS) estimates of the program’s impact. Columns (1), (3), (5), (7) report the treatment effect at baseline,
intermediate, and final follow-up (respectively), controlling for community fixed effects. Columns (2), (4), (6), (8) report the treatment
effect at the intermediate and final follow-up (respectively), controlling for community fixed effects as well as household demographic
characteristics (household size, education, gender, and age of the household head) and ethnicity. *** Significance at 1%; ** Significance at
5%.; * Significance at 10%.
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