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Abstract

Since the beginning of the 1990s, Brazil has introduced different policies for increasing agricultural produc-
tion among family farms, such as the National Program for Strengthening Family Farming (Pronaf), the
technical assistance and rural extension programmes (ATER), and seeds distribution. Despite the importance
of these policies for the development of family farming, there is a lack of empirical studies investigating
their impact on commercialization of food products. By considering household-level data from the 2014
Brazilian National Household Sample Survey, we use propensity score matching techniques accounting for
the interaction effects between policies to compare the commercialisation behaviour of recipients with non-
recipients. We find that Pronaf has a significant positive impact on family farmers’ propensity to engage in
commercialisation, and this effect increases if farmers have also access to ATER. Receiving technical assis-
tance alone has a positive effect, but this is mostly limited to smaller farms. In turn, seed distribution appears
not to increase commercialization significantly. A well-balanced policy mix could ensure that, in a country
subject to the pressure of international food markets, increased commercialisation does not result in reduced

food security for rural dwellers.
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1. Introduction

Until the beginning of the 21t century, family farming was considered part of the problem of food insecurity
(FAO, 2014). This assumption was related to the idea that family farmers mainly need to cope with poverty
(Ellis, 1998) and have difficulties increasing efficiency and food productivity. However, in recent years
family farming has been recognized as a key category for promoting of rural development and environmental
sustainability (FAO, 2016; Suess-Reyes and Fuetsch, 2016), reducing hunger (HLPE, 2013; Graeub et al.,
2016) and achieving the Sustainable Development Goals (Ortiz et al., 2018).

In line with this growing interest, developing countries have implemented policies with the aim of supporting
family farmers (FAO, 2012; Huang et al., 2013; Chen et al., 2014; Villarreal, 2018), Brazil being one of
them (Kakwani et al., 2010). Food security has also become an important socio-political issue in this coun-
try, resulting in the implementation of policies for increasing food production for domestic supply and im-
proving access to food (Santarelli et al., 2018). Among other policies, family farmers have mainly benefited
from the National Program for Strengthening Family Farming (Programa Nacional de Fortalecimento da
Agricultura Familiar — Pronaf), created to provide them credit at favourable conditions ; the Federal and
State policies for technical assistance and rural extension (Assisténcia Técnica e Extensdo Rural — ATER),
including the National Policy for Technical Assistance and Rural Extension (Politica Nacional de Assistén-
cia Técnica e Extensdo Rural — PNATER); and the Federal and State policies for accessing seeds distribution
(Seeds), which distributes low-cost seeds to farmers.

The implementation and effectiveness of these policies have been investigated in several studies (Gazolla,
2004; Mina Dias, 2007; Cunha, 2013; Petersen et al., 2013; Grisa et al., 2014; Diesel et al., 2015). However,
results are ambiguous; in particular, the effects on family farmers’ decision whether producing for self-
consumption or for commercialisation. Gazolla (2004) shows that Pronaf has become a powerful tool for
stimulating food production for national and international markets, but has reduced production for self-
consumption, worsening family farmers’ food security. Grisa et al. (2014) point out that Pronaf has mainly
supported the production of commodities, while the promotion of sustainable food systems has been stuck in
the background.

Thus, Pronaf has been extensively investigated in the family farming literature, and current studies provide
divergent views of its effects on family farmers’ strategies. In turn, although the ATER and Seeds policies
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have been particularly important in Brazilian rural development (Diesel et al., 2015), there is a lack of quan-
titative studies on their effects on family farmers’ food commercialisation. Furthermore, to the best of our
knowledge, no empirical work has investigated the combined effect of these policies.

Policy evaluation studies are increasingly focusing on the policy mix theme because of the importance of the
synergic effects of multiple policies (Howlett and Rayner, 2013; Mavrot et al., 2019). Policies tackling multi-
dimensional issues related to individuals, families, and communities are often implemented simultaneously.
In some cases, the agri-food policies mix is able to support family farmers’ autonomy by encouraging diver-
sification strategies and promoting sustainable food systems; in other cases, policy mix fosters specialization
and conventional systems of agriculture, undermining the family farm autonomy (Buchenrieder, 2007). Giv-
en the multidimensional benefits generated by family farms for rural development, it is important to estimate
the effects of agri-food public policies on family farmers’ decision-making to prevent negative side effects.
Since the decision whether to commercialise part of one’s own production is key for family farmers, in this

paper we try to answer the following research questions:

RQL1: Does the participation of Brazilian family farms in the agricultural programs (Pronaf, ATER, and
Seeds) result in increased propensity to commercialise?
RQ2: Does simultaneous participation in more than one program (policy mix) result in even increased pro-

pensity to commercialise?

To answer these questions, we use data from the 2014 National Household Sample Survey (Pesquisa
Nacional por Amostra de Domicilios — PNAD) of the Brazilian Institute of Geography and Statistics (Insti-
tuto Brasileiro de Geografia e Estatistica — IBGE). This survey contains information on households’ partici-
pation in different programs supporting family agriculture, households’ characteristics, working activities,
and earnings. Moreover, the PNAD identifies those households that allocated part of their agricultural pro-
duction to commercialization. To assess the impact of Pronaf, ATER, and Seeds on family farmers’ propen-
sity to allocate some of their production to commercialization, we use Propensity Score Matching, given that
participation in the programs and market orientation could be correlated.

The paper is structured as it follows. Section 2 reviews the literature on family farmers’ commercialisation
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choices. The Brazilian policies on family farming are described in Section 3. Section 4 presents our data and
methods, while Section 5 illustrates the results of our model and Section 6 concludes.

2. Family farming strategies for agricultural products commercialisation

Agricultural products commercialisation has been extensively discussed in the development literature (e.g.
Jaleta et al., 2009; Wiggins et al., 2011). International development institutions, primarily the World Bank,
consider this approach an effective strategy to address rural poverty, as it increases productivity, raises rural
incomes, and improves food security (World Bank, 2007; Jiren et al., 2020); moreover, it is also considered
key to achieve overall economic growth in developing countries (Von Braun and Kennedy, 1994; Von
Braun, 1995).

While commercialisation is assumed to be a desirable outcome, this cannot be left to the market alone (Jaleta
et al., 2009), and a blend of public and private intervention has been used to foster it (Spielman et al., 2010).
Public interventions can be ascribed to two main fields: the promotion of productivity and production for
sale, and the linking of farmers to markets (Wiggins et al., 2011). Governments can create an enabling envi-
ronment by developing rural input and output markets, improving communication and transport infrastruc-
ture, providing agricultural extension services, securing property rights, and promoting functioning credit
markets (Jaleta et al., 2009). Two key instruments are the provision of credit, and information and training
(World Bank, 2007). Loans can be obtained in the credit market, through ad hoc institutions targeting small
family farms or be informal (Awunyo-Vitor, 2015), and also it can be provided in kind and be non-repayable
(Obayelu, 2016; Sibande et al., 2017). Information is usually provided by extension services, which are also
responsible for distributing governmental inputs, like seeds and fertilisers (Kilelu et al., 2014).

Concerning the studies on agricultural commercialisation to date, a first branch of the literature has focused
on structural and cultural drivers and barriers. Structural elements include, among others, farm characteristics
(Bobojonov et al., 2016), rural infrastructures (Hepp et al., 2019), and capital markets (Vasco et al., 2017).
Cultural elements consist in values systems affecting farmer preferences, such as the level of risk aversion
(Muriithi and Matz, 2015), market orientation (Abafita et al., 2016), preference for food security over income
(Poole et al., 2013), diverse livelihoods objectives (Alexander et al., 2018), or the will to reduce external de-
pendence, which could result in disengagement from formal markets (Varga, 2019). A second, ample branch
of the literature has analysed the impact of commercialisation on farmers’ income and poverty levels (Schure
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et al., 2014; Mariyono, 2019). A third one has highlighted the social and ecological benefits generated by
semi-subsistence farming, with some authors calling for their recognition by means of policy incentives, for
example in the EU CAP (Davidova, 2011). Finally, the critical development literature has studied the impact
on rural communities of different agricultural markets (Matenga and Hichaambwa, 2017), underlining
themes such as food sovereignty and resilience (Jiren et al., 2020).

Despite the large number of studies focusing on drivers and barriers to commercialisation, research assessing
the impact of different policy interventions on commercialisation is limited. This is also due to the challenge
of defining “commercialisation” — usually understood as the proportion of agricultural output sold in the
market to the total value of agricultural production (Jaleta et al., 2009) — and “commercial farmers” — farmers
selling over half of their output (Varga, 2020).

Among the studies linking policy interventions to commercialisation levels, Sinyolo et al. (2019) find that
social grants reduce small farmers’ propensity to commercialise in South Africa. In turn, Mwangi and
Crewett (2019) argue that improved infrastructures (namely irrigation systems) increase the commercialisa-
tion of peri-urban agriculture in Kenya. Spielman et al. (2010) review the Ethiopian policies to promote ce-
real intensification and commercialisation, finding that these have not generated sufficient payoffs. Thus, the
outcome is very much context-dependent, and measures that have worked well in a certain region or period
are not perfectly reproducible elsewhere or at a different time.

Very few studies have quantitatively investigated the extent to which credit and services provision is used
either as an input in market agriculture or to internalise resources through self-provisioning (Hepp et al.,
2019). Sibande et al. (2017) find a positive effect of subsidisation of fertiliser prices on commercialisation of
maize but no effect of family farmers’ self-sufficiency in Malawi. Moving towards transition countries, Kos-
tov et al. (2020) finds that direct payments to farmers in Kosovo have a positive effect on market participa-
tion for some products (fruits and vegetables, cereals, and oilseeds), but not in the case of livestock products.
These works test the impact a single policy, while interaction effects between policies are not considered.
The Brazilian system of agricultural support is a hybrid one between the promotion of business agriculture
and family farm — as also shown by the presence, until 2016, of two ministries (the Ministry of Agrarian
Development — Ministério do Desenvolvimento Agrario (MDA) and the Ministry of Agriculture, Livestock,
and Supply — Ministério da Agricultura, Pecuaria e Abastecimento (MAPA)). Therefore, this country repre-
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sents an ideal setting to test if agricultural support policies have promoted a more commercial orientation of
family farmers. Schneider and Niederle (2010) argue that the attempts to integrate family farmers in market
processes in Brazil generate heterogeneous responses, as the rationale behind family farmers’ choices is the
search for “autonomy” in the context of increasing vulnerability. Therefore, an alternative outcome to in-
creased commercialisation could be an internalisation of subsidies, with family farmers using them to consol-
idate their family assets and improve their food security directly — by means of increased production for self-
consumption — and not through market mediation.

3. Brazilian family farmers and public policies

Large export-oriented farms have always been prominent actors in Brazilian agriculture, being the target of
most Federal agricultural policies until the 1990s (Deininger and Byerlee, 2012; Rada et al., 2019). Although
family farms represent 77% of the total Brazilian establishments (IBGE, 2020), they have not received
enough attention in the Brazilian policymaking process. However, in the last decades, the pressure exerted
by social movements, international non-governmental organisations, and the scientific community (e.g.
Mattei, 2014) has prompted the Federal Government to introduce dedicated programmes for family farmers.
The establishment of a specific program for rural credit targeting family farms dates to 1995, when the Fed-
eral Government introduced the Pronaf (Ghinoi et al., 2018). Because of its longevity, this program has been
re-modelled several times during its history. In the first period (1995-2002), its focus was on the improve-
ment of credit facilities and the definition of a set of regulations aimed at facilitating the inclusion of those
farmers that had historically been excluded from the benefits of the Brazilian agricultural policies (Schnei-
der, 2006). In the second period (2003-2014), a larger amount of resources from the federal budget was allo-
cated to this program, and access rules were modified to enlarge the number of beneficiaries and simplifying
the funding system (Mattei, 2012). The third period is continuing to date: since 2014, the program has seen a
reduction in the resources and number of contracts with farmers (Wesz Junior, 2020), which is related to a
reformulation of the Federal policies as a consequence of the 2008 economic crisis and the changing national
political landscape.

The Brazilian policies for technical assistance and rural extension (ATER) were introduced in 1975 with the
creation of the Brazilian Enterprise for Technical Assistance and Rural Extension (Empresa Brasileira de
Assisténcia Técnica e Extensdo Rural — Embrater), a Federal agency whose aim was to facilitate the diffu-
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sion of new technologies in agriculture. However, Embrater was dismissed in 1992, and its activities were
transferred to the State Governments (Sette and Ekboir, 2013). According to Diesel et al. (2015, p. 108),
“since the beginning of the 1990s, for almost fifteen years, the Federal Government’s investments in tech-
nical assistance and rural extension were not significant, until their resumption by the first Government of
Luis In&cio Lula da Silva (2003-2006)*. Today, both Federal and State policies are accessible by family
farmers.

The programs dedicated to seeds distribution (Seeds) have always been implemented and managed by the
State Governments, through the acquisition and distribution of seed stocks at a lower price compared to the
market price. For example, the Paraiba Government has promoted the use of creole seeds to strengthen tradi-
tional food production for self-consumption (Petersen et al., 2013). Instead, in Rio Grande do Sul, the pro-
gram has been conceived as a tool to promote farm specialization, thus fostering mechanization and the use
of high-technology inputs (Silva et al., 2013); this approach has constrained farmers’ strategies, reinforcing
the idea of producing for the market and reducing production for self-consumption. In 2011, the Federal
Government included all the State programs within the Brazil Without Misery Plan (Plan Brasil Sem Mi-
séria) (Cunha, 2013), and, in 2015, it established the National Program for Seeds and Seedlings for Family
Farming (Programa Nacional de Sementes e Mudas para a Agricultura Familiar).

4. Data and methodology

4.1. The Brazilian National Household Sample Survey (PNAD)

This paper uses data from the PNAD, which is carried out yearly by the IBGE and provides information on
the socio-economic characteristics of the Brazilian population. The PNAD sample of households is generated
using a three-stage probabilistic distribution and is representative of the Brazilian population at different
levels of aggregation (IBGE, 2020). We use the 2014 PNAD wave (362,627 observations) because it is the
only one released to date that contains data on the recipients for Pronaf, ATER, and Seeds.

The PNAD consists of eleven sections. We focus primarily on the second section, which explores the materi-

al conditions of the household unit, the fourth and fifth sections, which contain questions on the socio-

1 Qur translation from the original text (in Portuguese).



demographic characteristics of the respondents, and the seventh section, which is dedicated to working activ-
ities and earnings (salaries and rents).

4.2. The unit of observation: the Brazilian family farm

According to the Brazilian Federal Law n. 11,326 of July 24", 2006, to be recognized as a family farmer it is
necessary to meet the following criteria: owning a farming area below 4 mddulos fiscais (a unit of measure-
ment in hectares); using mainly family labour in conducting and managing farming activities; and having a
minimum income from these activities. In operational terms, the Brazilian policies use the definition of the
National Register for Family Farming (Cadastro Nacional da Agricultura Familiar), which integrate the
above requirements by specifying that at least 50% of the workforce dedicated to farming activities must
come from family members and at least 50% of the household income should derive from these activities. In
the case of Pronaf, there is also a ceiling for the annual family gross income, i.e. R$ 360,000.

Since the PNAD dataset does not include any information on whether the households surveyed are consid-
ered family farms according to the Federal law, we identified these actors by means of filtering variables. As
it is not possible to assess the engagement of family members in farming activities, we retained the house-
holds who declared to be entrepreneurs and did not hire any labour, or employed a maximum of two individ-
uals (which was a valid criterion for accessing Pronaf until the early 2000s), or declared to be employed
without any remuneration. Regarding the farm area, we retained the households owning or leasing less than a
certain area of land, with the threshold set based on the State where the farms is located. The annual house-
hold gross income was used as an additional criterion to filter family farmers, using R$ 360,000 as a thresh-
old. These three criteria had to be met simultaneously for a household to be retained in the dataset. Through
this filtering step, we turned a dataset of Brazilian households into a dataset of Brazilian family farms, for a
total of 17,196 observations.

4.3. Methodology

Our variable of interest (thereinafter “outcome variable”) is whether the family farms had commercialised

part of their agricultural production in the agricultural year 2013-2014. The 2014 PNAD included a question



on this aspect, which has been used to generate a dummy variable?. The respondents who did not answer the
question were excluded from the analysis, resulting in a dataset of 6,699 family farms. The PNAD does not
distinguish between commercialisation through formal markets and “informal” commercialisation (e.g.
though social networks), although the typology of the main purchaser is enquired in another question. We
purposely include all types of commercialisation because, although the World Bank promotes family farms’
integration in the markets rather than “informal” sales, the latter practice has a positive and even larger im-
pact on the incomes and food security of the rural population, as detected in Brazil (Schneider and Niederle,
2010) and in other World regions (Varga, 2020).

Participation in the Brazilian programmes Pronaf, ATER, and Seeds are our “treatments”. The 2014 PNAD
included specific questions for detecting if family farms received credit from Pronaf, technical assistance
support, and/or accessed seeds distribution. For ATER and Seeds, family farms had the possibility to access
different Federal and State programmes providing these services. However, we considered ATER and Seeds
as two unigue macro-policies because the aims of the Federal Government and State Governments did not
differ.

As illustrated by Blundell and Costa Dias (2000; 2009), evaluating a policy intervention in a non-
experimental context requires that the policy effect for each actor (the “treatment effect”) must be independ-
ent from the effects on other actors. This condition is fundamental to assess average effects on treated popu-
lations (Rubin, 1980). Furthermore, information is available for treated and untreated actors, i.e. those who
benefited from a policy intervention and those who did not. However, the impact of a policy is measured by
the difference in the outcome variable for the treated with and without the treatment (i.e. the counterfactual),
which it is technically impossible to estimate because an actor cannot present two states at the same time.
Another issue specifically related to this study is the presence of different policy interventions affecting the

same family farm. The combination of these interventions, deliberate or not, may lead to synergies or con-

2 The question is: “During the period from September 28", 2013 to September 27", 2014, have you sold any part of the
main production of this activity?”. The outcome variable is equal to one if the family farmer sold part of their food
production, zero otherwise. Because of the dichotomous nature of this variable, the outcome for recipient and non-
recipient of Pronaf, ATER, and Seeds is a rate, i.e. the difference in the proportion of those who have sold part of the

production between recipient and non-recipient (as in Guerzoni and Raiteri, 2015).
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flicts that influence the desired outcome (Howlett and Rayner, 2013; Cunningham et al., 2016). Hence, we
need to consider that family farms can have benefited from one or more policies, and we need to estimate
their effects while isolating possible interactions that can lead to biased results.

To address the above issues, we follow the approach proposed by Guerzoni and Raiteri (2015) for tackling
the confounding problems arising when policy interactions are not considered. Their methodology is suitable

for this study also because of the cross-sectional nature of the PNAD data.

Figure 1: IHllustration of the intersections between policy programmes and policy mixes (1 = Pronaf; 2 =

ATER; 3 = Seeds policy).

No policy

First of all, we defined the following treatments (identified by dummy variables defined according to the
intersections illustrated in Figure 1):

1. Pronaf (total): 1 (dummy equal to 1) vs ~1 (dummy equal to 0).

2. Technical assistance (total): 2 vs ~2.

3. Seeds (total): 3 vs ~3.

4. Pronaf only: 4 vs No policy.

5. Technical assistance only: 5 vs No policy.
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6. Seeds only: 6 vs No policy.

7. Pronaf & Technical assistance: 7 (1 N 2) vs No policy.

8. Pronaf & Seeds: 8 (1 N 3) vs No Policy.

9. Technical assistance & Seeds: 9 (2 N 3) vs No Policy.

10. All policies: 10 (1 N2 N 3) vs No Policy.
The first three treatments do not take account of other policy interventions simultaneously received by the
family farms, and therefore are used to check for the presence of confounding effects which become visible
when using treatments 4-6 (Guerzoni and Raiteri, 2015). Cases 7-10 are dedicated to the evaluation of differ-
ent policy mixes.
Participation in any of the three policies is identified by means of variables inquiring whether the respondent
received any type of farm credit, technical assistance, or seeds. However, we are interested in the impact of
public policies, not of similar types of services obtained in the market. Considering the farm credit or tech-
nical assistance obtained from private enterprises as additional treatments would have increased hugely the
number of treatments due to the potential policy mixes, thus fragmenting the sample, while ignoring them
would have resulted in omitted variables and related confounding effects. For these reasons, the family farms
who declared to have received agricultural credit not from Pronaf or technical assistance from private enter-
prises were excluded from the dataset, resulting in a sample size of 6,170 units.
Because participation in the different policy programs is not randomized, it is important to consider the pres-
ence of selection bias (Heckman et al., 1996). The self-selected group of family farms who have benefitted
from one or more policies can be inherently different from those who have not received any support. Propen-
sity Score Matching (PSM) allows to create a control group from independent untreated observations sharing
similar characteristics with the treated (Rosenbaum and Rubin, 1983). For each observation, an index called
Propensity Score is estimated as the probability to be treated given a set of covariates. We identified in the
literature a set of variables influencing the probability of family farms to be treated, i.e. to access rural
household-dedicated programs: age, gender, farm size, race, education, household size, assets, farm and off-
farm incomes, and geographical location (Luan and Bauer, 2016; Fitz, 2018). The PNAD dataset includes
variables for each of the above elements. For the race, we created a dummy indicating whether the respond-
ent identified himself as “white”; for the assets, we created dummies indicating the ownership of a mobile
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phone, a means of transport, and access to internet; off-farm and off-farm incomes were considered separate-
ly; and for the location we included dummies for the five Brazilian macro-regions.

Farm size, usually computed as land area, is a key variable in determining the propensity of family farms to
engage in commercialisation. Therefore, after implementing the analysis on the full sample, we divided it
into two subsamples (smaller and larger than 2 hectares) and tested the impact of all the treatments on each
group. The threshold of 2 hectares is one of those used to identify small farms at international level (Europe-
an Commission, 2011, p. 5), and is also adopted by the World Bank (2003) to define smallholders. Accord-
ing to the 2017 Agricultural Census, in Brazil the average size of the family farms (identified based on the
definition of Federal Law n. 11,326) is 20.8 hectares® (IBGE, 2020), and thus a family farm of more than 2
hectares is still small. Nevertheless, this threshold allows to consider the Brazilian case within the interna-
tional context and to include sufficient observations in both subgroups. Our sample includes 5,512 family
farms with less than 2 hectares, and 658 family farms with more than 2 hectares.

The computation of the Propensity Score is based on the following model:

p(Xi) = Prob (Ti=1 | Xi) (1)

where X is the above-mentioned set of covariates characterising family farm i, and T; is the assignment of
family farm i to the treatment.
PSM is used for estimating the average treatment effect on the treated (ATT), defined as follows (Caliendo

and Kopeinig, 2008):

ATT=E(Yq |T=1)-E(Y(@ | T=1) (2

where E(Y (1) | T=1) corresponds to the outcome of the family farms who accessed to the policy, and E(Y (o) |

T=1) is the outcome of the same family farms if they would not have benefited from the policy. Only the first

term in the right side of Equation (2) is observable (E(Y ) | T=1)), while the counterfactual term (E(Y () |

3 According to the 2017 Agricultural Census, the average farm size for all types of farms is 69.2 hectares (IBGE, 2020).

13



T=1)) does not exist. A solution consists in creating a counterfactual using the untreated family farms (Blun-
dell and Costa Dias, 2000; Dehejia and Wahba, 2002). For the estimation of the ATT, two conditions need to
be fulfilled: the conditional independence assumption, i.e. that family farms are assigned to the treatment
independent of the observed outcome and conditionally on a set of specific covariates (X;); and the common
support condition, i.e. that farms with similar covariates have a positive probability of being both treated and
untreated (Caliendo and Kopeinig, 2008). If both hold, it is possible to produce unbiased estimates of the

ATT, and Equation (2) becomes:

ATT =E(Yq | T=1, p(X)) - E(Y( | T=1, p(X)) (3)

where p(X) is the Propensity Score given the set of covariates.

The above procedure for estimating the ATT can only be applied to cases 1-3, where the same farm can be
considered treated in more than one case. For cases 4-10, which account for simultaneous participation in
more than one policy, the treatments are mutually exclusive. In cases 1-3, the control group is represented by
the farms which did not receive that specific treatment, while in cases 4-10 the control is always represented
by those which did not benefit from any of the policies.

Following Guerzoni and Raiteri (2015), Equation (2) for treatments 4-10 becomes:

ATT=E(Y(@m | T=m)-E(Yq | T=m)  (4)

where m is the treatment of interest, and | is the absence of treatment. This multivariate context has been
explored by Imbens (2000) and Lechner (2001), who have developed the generalized propensity score — de-
fined as the “conditional probability of receiving a particular level of treatment given the pre-treatment char-
acteristics” (Guerzoni and Raiteri, 2015, p. 731) — to address the identification problem arising in this situa-
tion. Hence, the propensity scores have been estimated using different discrete choice models. For cases 1-3,
we estimated three logistic regressions where the dependent variable takes value T=1 in the presence of
treatment and T=0 otherwise; for cases 4-10, we estimated a multinomial logistic model where the dependent
variable can assume eight different values: seven corresponding to the treatments, plus the baseline outcome
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corresponding to the non-treated condition, i.e. T=0 for the family farms which have not benefited from any
policy*.

After estimating the propensity scores, we implemented the matching procedure using three different algo-
rithms: Kernel, Nearest-neighbour with replacement (in line with Guerzoni and Raiteri (2015), we decided to
consider the three nearest neighbours), and Radius (with a radius of 0.10). This choice enabled us to compare
different results as a robustness check (Ogutu et al., 2014).

To increase robustness further, we computed the standard errors of the ATT as bootstrapped standard errors
using 1,000 bootstrap replicates for each treatment and for small and large family farms separately.

5. Results and discussion

Our final dataset includes 6,170 family farms, of which 492 accessed credit through Pronaf, 497 received
public technical assistance, and 351 benefited from Federal or State programmes for accessing seeds distri-
bution. Table 1 illustrates the characteristics of different groups of family farms in terms of the variables
used for the matching. It emerges that family farms differ depending on the policy received, as well as com-

pared to the group of farms which did not benefit from any policy.

4 Given the non-ordered nature of the dependent variable, the multinomial logistic model is appropriate, as it compares

the probability of each treatment outcome to the baseline.

15



Table 1: Socioeconomic characteristics of family farms by public policy accessed.

Variables Total Pronaf ATER Seeds No policy
(5,209
observa- Mean St. dev. Mean St. dev. Mean St. dev. Mean St. dev. Mean St. dev.
tions)
Age (years) 48.36 14.05 49.30 12.30 49.81 13.04 48.71 12.49 48.20 14.30
Gender 0.85 0.35 0.92 0.27 0.88 0.32 0.83 0.37 0.85 0.36
(man)
Farm area 11,893.3 50,1949 16,2945 63,859.2 12,4589 11,013.2 16,7386 91,738.6 11,432.1 49,333.9
(sg. m.) 6 0 5 7 2 4 7 9 1 9
Race 0.36 0.48 0.56 0.50 0.55 0.50 0.39 0.49 0.34 0.47
(white)
Education 5.44 3.92 6.27 3.75 6.62 3.87 5.44 3.97 5.29 3.90
(years)
Household 3.52 1.75 3.29 1.37 3.48 1.65 3.94 1.99 3.52 1.77
size
Mobile 0.78 0.41 0.90 0.31 0.89 0.31 0.85 0.36 0.76 0.43
phone
Internet 0.20 0.40 0.34 0.47 0.31 0.46 0.24 0.43 0.19 0.39
Means of 0.64 0.48 0.86 0.35 0.81 0.39 0.68 0.47 0.61 0.49
transport
Farm in- 909.38  1353.17  1540.07 1799.40  1407.70 1619.42 714.14 856.53 848.28  1307.81
come
(R$/month)
Other in- 272.46 659.82 253.83 435.69 330.84 781.31 275.71 696.24 267.70 652.05
comes
(R$/month)
Macro- 25.85 15.85 21.96 23.54 14.53
region - - - - -
North
- Northeast 40.18 - 26.22 - 21.96 - 19.32 - 58.40 -
- Central- 6.61 i 7.93 i 491 i 5.23 i 2.85 i
West
- Southeast 13.68 - 16.46 - 17.57 - 18.31 - 10.83 -
- South 13.68 - 33.54 - 33.59 - 33.60 - 13.39 -
Number of 6,170 492 497 351 5,136
obs.

Notes: The three policies and “no policy” sum up to more than the “total” because some farms have benefited of more than one poli-
cy, i.e. they are counted in more columns. Number of inputted observations: 14 for mobile phone, Internet, and means of transport;
501 for the main income.

While the age of the family head is similar across groups, the farms accessing Pronaf are more often man-
aged by a white man; those receiving seeds have a larger share of female and non-white managers; and those
receiving technical assistance lie in a mid-way position. White farm managers are an absolute majority
among those who received support from Pronaf and ATER (60% and 51%, respectively), and a relative ma-
jority (40%) among those benefiting from Seeds. The level of education of the farm manager is lower among
the farms benefiting from the Seeds policy, while the average size of the running household is larger. The
ownership of a mobile phone, of a means of transport, and access to internet follow similar patterns, with the
farmers receiving credit from Pronaf being better placed. The most relevant difference is observed in the
average farm income, which is more than double for the family farms receiving either Pronaf of technical
assistance compared to those receiving seeds, who earn on average less than those receiving no policy sup-
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port. Other incomes do not differ significantly across groups. Interestingly, the family farmers receiving seeds
manage a larger farm — although we have no information about land productivity. Finally, the Southern mac-
ro-region is overrepresented among the farms receiving any of the policies, while almost 60% of the farms

not participating in any policy come from the Northeast.

Table 2. Number and share of farms commercialising farm products (%), by policy or policy mix received.

Policy/policy mix All farms
No. Market (%) Diff. !

No policies 5,136 72.0%

1. Pronaf (total) 492 86.6% 13.9% ***
2. Technical assistance (total) 497 84.1% 11.3% ***
3. Seeds (total) 351 76.6% 3.1%
4. Pronaf only 273 87.2% 15.2% ***
5. Technical assistance only 257 82.5% 10.5% ***
6. Seeds only 231 73.2% 1.2%
7. Pronaf & Technical assistance 153 87.6% 15.6% ***
8. Pronaf & Seeds 33 84.8% 12.8%
9. Technical assistance & Seeds 54 85.2% 13.2% **
10. All policies 33 78.8% 6.8%
Total 6,170 73.8%

Note: * Compared to the farms not receiving that policy for treatments 1-3, and to “No policies” for treatments 4-10. Significance
level: * 10%; ** 5%; *** 1%.

Table 2 shows the distribution of the farms by policy or policy mix received, the percentage of farms that
engage in commercialisation in each group, and the difference with the control group before matching. Over-
all, 74% of the family farms sell part of the production, but this figure ranges between 87.6% of those receiv-
ing both Pronaf and ATER, and 73.2% of those benefiting from Seeds and 72.0% of those receiving no policy
support. The percentage of farms selling some products is significantly higher among those receiving policy
support than among those receiving no support, with the only exception of those participating in the Seeds
policy, exclusively or jointly with other policies (including those receiving all measures). The number of
farms benefiting from each policy is quite similar, with technical assistance being slightly more prevalent
than Pronaf, and Seeds around 25% less prevalent. The most common policy mix is between Pronaf and
technical assistance. Results for farms below and above 2 hectares are shown in the Supplementary Material.
5.1. Impact of single policies on family farms’ commercialisation

To assess the impact of the single policies on commercialisation, we consider each of them separately, using
first regardless of whether the farms benefited simultaneously from one of the other two — treatments Pronaf

(total) (1), Technical assistance (total) (2), and Seeds (total) (3) — and then as the only policy received —
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treatments Pronaf only (4), Technical assistance only (5), and Seeds only (6). Table 3 illustrates the results
for the first group of treatments using the three different matching algorithms, Table 4 presents the results for
treatments 4-6.

The percentage of farms engaging in commercialisation increases with all the three policies. However, in the
case of the Seeds policy, the difference is only slightly significant when the interactions with other policies
are not considered, and it becomes non-significant if this policy is analysed separately. The strongest impact
on commercialisation is generated by Pronaf. The results for treatment 1 indicate a higher probability, by
between 12.7% and 13.0%, that the family farms receiving credit commercialise their output; a similar,
slightly larger effect is observed for treatment 4, with between 11.9% and 14.6% more farmers engaging in
commercialisation compared to the baseline depending on the matching method. The impact of Pronaf is
around 1.5 times stronger than ATER. The farms receiving support from ATER show a probability to com-
mercialise which is between 8.9% and 9.7% higher than the respective control groups. Finally, the results
obtained for Seeds are more heterogenous (the percentage of commercial farms grows between 3.8% and
6.0% when all recipients are considered and between 1.9% and 7.6% for the single policy), and marginal
significant only for treatment 3.

Compared to the cases when the farms receiving other policies are included among the treated (Table 3), the
impact on commercialisation of the policies in isolation (Table 4) is very similar when ATER is concerned —
suggesting that additional policies generate limited synergies — and slightly higher for Pronaf — anticipating
that farmers accessing this policy alone are more likely to commercialise. Benefiting from Seeds, even if

jointly with other policies, does not seem to make almost any difference for commercialisation.
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Table 3: Increase in the percentage of commercial family farms among policy recipients, regardless of policy
interactions (treatments 1-3).

ATT (common support)

Interaction Treated  Controls Matching algorithm

coeff. st err. z p-value %
Kernel 0.130 0.018 7.40  0.000*** 13.0%
1. Pronaf (total) 491 5,678 Nearest neighbour (n=3) 0.127 0.028 4.60  0.000*** 12.7%
Radius caliper (0.10) 0.129 0.018 7.33  0.000*** 12.9%
2 Technical Kgrnel 0.097 0.018 550  0.000*** 9.7%
assistance (total) 497 5,673 Neare_st nelg.hbour (n=3) 0.095 0.027  3.48  0.000*** 9.5%
Radius caliper (0.10) 0.096 0.018 545  0.000*** 9.6%
Kernel 0.038 0.023 1.70 0.090* 3.8%
3. Seeds (total) 351 5,819 Nearest neighbour (n=3) 0.060 0.034 177 0.077* 6.0%
Radius caliper (0.10) 0.038 0.022 1.68 0.094* 3.8%

Notes: Significance level: * 10%; ** 5%; *** 1%.

Table 4: Increase in the percentage of commercial family farms among the recipients of a single policy
(treatments 4-6).

ATT (common support)

Interaction Treated  Controls Matching algorithm

coeff. st err. z p-value %
Kernel 0.146  0.021 6.86 0.000***  14.6%
4. Pronaf only 273 5,136 Nearest neighbour (n=3) 0.119 0.036 3.33 0.001***  11.9%
Radius caliper (0.10) 0.144  0.021  6.77 0.000 ***  14.4%
5 Technical K_ernel 0.093 0.025 3.74  0.000 *** 9.3%
assistance only 257 5,136 Nearest nelg_hbour (n=3) 0.089 0.038 235 0.019 ** 8.9%
Radius caliper (0.10) 0.092 0.025 3.72  0.000 *** 9.2%
Kernel 0.020 0.031 0.66 0.508 2.0%
6. Seeds only 231 5,136 Nearest neighbour (n=3) 0.076 0.047 1.64 0.101 7.6%
Radius caliper (0.10) 0.019 0.031 0.63 0.528 1.9%

Notes: Significance level: * 10%; ** 5%; *** 1%.

These results confirm that Pronaf is a market-oriented policy for supporting family farms who want to com-
mercialise their products. As highlighted by Grisa et al. (2014), most of the Pronaf recipients are located
where the most capitalized farmers operate, i.e. in the South, Southeast, and Central-West regions. Indeed,
the characteristics of this policy make it appealing for family farms engaged in monoculture productions and
strongly dependent on the large multinational companies operating in the Brazilian agri-food system (Ploeg,
2008; Aquino and Schneider, 2011; Niederle and Wesz Junior, 2018).

The farms benefiting from ATER are less likely to sell their products than those who accessed Pronaf. In
general, ATER aims to achieve a better integration of different farming activities and does not directly affect
production decisions as in the case of Pronaf. Therefore, self-consumption is seen by its recipients as an ad-
ditional, feasible strategy for achieving food security. Indeed, the set of policies under this umbrella allow for
several initiatives as they offers training for establishing vegetable gardens, orchards, non-commercial crops
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(e.g. potatoes, cassava, beans, peanuts), and small-scale breeding (such as poultry, goats, and pigs) (Grisa et
al., 2010).

In the case of Seeds, the lower probability for its beneficiaries to be market-oriented is due to three main
reasons: (i) its public profile as a policy mainly addressing the needs of poor farmers; (ii) the greater presence
of women among its recipients, who are central for the preservation and the valorisation of production for
self-consumption (Grisa et al., 2010); (iii) the characteristics of the program, which requires a pay-off in
seeds instead of money.

We also assess the impact of the single policy treatments on the two sub-groups of farms identified according
to the 2 hectares threshold defined in the Methodology section. Like in the whole sample, all policies have a
positive impact on commercialisation. However, Pronaf has a larger impact on farms of more than 2 hectares,
technical assistance on farms of less than 2 hectares. Finally, seeds distribution does not increase commer-
cialisation for either of the groups, thus the nature of the three policies detailed above is confirmed. This is
also in line with a report published by IPEA (2013), which points out that production for self-consumption is
more relevant for farms with a smaller area, although larger units still maintain this practice. Detailed results
are reported in the Supplementary Material.

5.2. Impact of the policy mix on commercialisation

As a second step, we investigate the effects of the policy mix (treatments 7-10). As shown in Table 5, 153
family farms benefited from both Pronaf and ATER, 33 from Pronaf and the Seeds policy, 54 from ATER
and the Seeds policy, and 33 from the three policies together. Thus, 4.4% of all farms accessed more than

one policy, while 12.3% benefited from only one of them (compared to 5.3% and 15.0% among large farms

only).
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Table 5: Increase in the percentage of commercial family farms among the recipients of each policy mix
(treatments 7-10).

ATT (common support)

Interaction ~ Treated  Controls Matching algorithm
coeff. st err. z p-value %

7. Pronaf & Kernel 0.151 0.028 543 0.000 ***  15.1%
Technical 153 5,136 Nearest neighbour (n=3) 0.139 0.046 3.05 0.002***  13.9%
assistance Radius caliper (0.10) 0.152 0.028 543 0.000 ***  15.2%
8. Pronaf & K_ernel 0.130 0.062 212 0.034 ** 13.0%
Seeds 33 5,136 Nearest neighbour (n=3) 0.121  0.097 1.25 0.210 12.1%
Radius caliper (0.10) 0.130 0.062 211 0.035 ** 13.0%
9. Technical Kernel 0.132 0.049 268 0.007 ***  13.2%
assistance & 54 5,136 Nearest neighbour (n=3) 0.123  0.081 153 0.126 12.3%
Seeds Radius caliper (0.10) 0.132 0.049 268 0.007 ***  13.2%
10. All poli- Kernel 0.070  0.070  0.99 0.322 7.0%
' cies 33 5,136 Nearest neighbour (n=3) 0.111  0.110 1.01 0.311 11.1%

Radius caliper (0.10) 0.069 0.070  0.99 0.324 6.9%

Notes: Significance level: * 10%; ** 5%; *** 1%.

Table 5 shows the effect of different policy mixes on commercialisation. As well as the single policies, the
effect is always positive, although that of the three-policy mix is not statistically significant. The mix be-
tween Pronaf and ATER vyields a relatively larger effect, as it increases the percentage of commercial farms
by 13.9% to 15.1% depending on the matching algorithm, while the mixes between Seeds and either Pronaf
or ATER have an effect between 12.1% and 13.2%. These effects are slightly larger than for the policies
considered separately, but smaller than their sum. Moreover, some mixes generate positive synergies (ATER
slightly increases the impact of Pronaf; ATER and Seeds are much more effective when delivered jointly),
while others can be counterproductive for commercialisation (Seeds in addition to Pronaf reduces the impact
of the latter). This is likely due to the nature of the farms accessing each type of mix, and to the different
sizes of the treated groups, despite the bias having been reduced through the matching procedure.

Finally, we assessed the impact of different policy mixes on farms above and below 2 hectares separately.
Detailed results are reported in the Supplementary Material. For some treatments it was not possible to esti-
mate the impact for farms larger than 2 hectares due to the small number of treated observations. The only
positive and statistically significant impact for larger farms is observed when Pronaf and ATER are accessed
jointly, although this is smaller than the impact of Pronaf alone. Focusing on farms below 2 hectares, all im-
pacts that are significant (thus, with the only exception of the three-policy mix) are also larger than those of

single policies, with the mix between Pronaf and ATER having the largest impact. Thus, appropriate policy
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mixes can increase the commercialisation among small farms more than the single policies, although, like in
the whole sample, the effects of the mixes are smaller than the sum of the effects of the single policies.

6. Conclusions and policy implications

Family farming is increasingly recognized as essential for promoting rural development, reducing poverty,
and achieving environmental sustainability. Its importance in emerging country like Brazil is confirmed by
the large number of family farms (IBGE, 2020), which in the last decades have been targeted by Federal and
State policies with the objectives to both stimulate production for commercialisation and strengthening food
security. However, it is still unclear whether their impact on family farmers’ decision-making has gone more
in one direction or the other. By focusing on Pronaf, ATER, and the Seeds policy, we investigated their im-
pact on family farmers’ decision to allocate food production to commercialisation.

Our results show that accessing Pronaf is associated to a higher probability to engage in commercialisation.
This effect is visible both when farmers participate only into this program and when they benefit from a
combination of Pronaf and other policies, and regardless of farm size (though, it is stronger for farms larger
than 2 hectares). Such findings are corroborated by qualitative studies highlighting the productivity-focused
approach of Pronaf (Aquino and Schneider, 2011; Grisa et al., 2014). On the other hand, accessing seeds
distribution alone is less likely to stimulate commercialization; however, when this is combined with either
Pronaf or ATER, the probability commercialise shows a marginal increase. The effect of ATER is positive
yet smaller than Pronaf; differently from rural credit, the impact of this policy on commercialization is
stronger among smaller farms.

Finally, although some policies and policy mixes yield a non-significant effect, in no cases and with any
degree of significance we observe a reduced propensity towards commercialisation among policy recipients.
This must not lead to interpret these policies as a potential threat for food security. Indeed, we do not assess
their impact on overall farm production and thus on the amount of food which is self-consumed. Rather, our
results suggest that only in the case of the Seeds policy the resources received are likely to be fully internal-
ised, while Pronaf and ATER favour commercialisation.

These findings pose some challenges for the development and implementation of public policies to support
rural households. These should contribute to the socio-economic well-being of the farmers by facilitating
access to output markets and therefore enabling family autonomy regarding food production choices
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(Schneider, 2006). However, they should also support food security in rural areas by strengthening a diversi-
fied production for self-consumption. Purely market-oriented policies are likely to increase households’ food
vulnerability, while strategies focused solely on supporting self-consumption result in a reproduction of so-
cio-economic weaknesses. We have shown that different programs generated different outcomes for different
typologies of family farms. In a country oriented towards international food markets like Brazil, the chal-
lenge is to ensure that increased commercial orientation does not threaten food security, and this requires a
balanced policy mix with non-contradictory goals.

Our analysis has two main limitations. First, we lack information on the amount of food produced for com-
mercialisation. The dependent variable of our model is a dummy indicating if family farmers have commer-
cialised part of their food production or not. Thus, we could not assess the impact of the different policies in
terms of amount of food allocated to the market. Another limitation is related to the assessment of food secu-
rity. Even if our results indicate a higher propensity for commercialisation when benefiting from Pronaf or
ATER, it does not mean that food security is neglected in this case. Further research should be dedicated to
assessing food security and evaluating how it relates to the strategies for food commercialisation of Brazilian
family famers. Moreover, it would be interesting to focus on other programs that can be accessed by Brazili-
an family farms, such as the Food Acquisition Program, the National School Feeding Program, or the Bolsa

Familia Program.
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Supplementary Material — Effect of policies and policy mixes on small and large farms sepa-

rately

Table S1 shows the characteristics of farms larger and smaller than 2 ha in terms of the matching vari-
ables. Patterns similar to the full sample can be observed when farms with less than 2 ha are considered
separately; among farms with more than 2 ha, those benefiting from Pronaf and Seeds tend to sell less
often than the baseline, although the difference is not significant. However, both before and after match-
ing, the figures for farms with more than 2 ha must be considered carefully because of the small num-

bers, and indeed most differences are not statistically significant.

Table S1. Number of farms and share of farms commercialising some products (%), by farm size and policy or
policy mix received.

Policy/policy mix < 2 hectares _ > 2 hectares _
No.  Market (%) Diff. ! No.  Market (%) Diff. !

No policies 4,612 71.5% 524 76.7%

1. Pronaf (total) 422 85.3%  13.2% *** 70 94.3%  16.7% ***
2. Technical assistance (total) 412 83.5% 11.2% *** 85 87.1% 8.9% *
3. Seeds (total) 333 76.0% 3.1% 18 88.9% 9.8%
4. Pronaf only 237 85.7%  14.2% *** 36 97.2%  20.5% ***
5. Technical assistance only 203 82.3% 10.8% *** 54 83.3% 6.6%
6. Seeds only 222 72.5% 1.1% 9 88.9% 12.2%
7. Pronaf & Technical assistance 127 86.6%  15.1% *** 26 92.3% 15.6% *
8. Pronaf & Seeds 29 86.2% 14.7% * 4 75.0% -1.7%
9. Technical assistance & Seeds 53 84.9% 13.4% ** 1 100.0% 23.3%
10. All policies 29 75.9%  4.4% *** 4 100.0% 23.3%
Total 5,512 73.1% 658 79.3%

Note: * Compared to the farms not receiving that policy for treatments 1-3, and to “No policies” for treatments
4-10. Significance level: * 10%; ** 5%; *** 1%.

As a first stap, we assessed the impact of the single policy treatments on the two sub-groups of farms
identified according to the 2 ha threshold defined in the Methodology section. Table 2S illustrates the
results for each of the three policies regardless of participation in the other two policies, while Table 3S
shows the impact of the single, isolated policies. The positive impact on commercialisation of all poli-
cies is confirmed, although for the Seeds policy this is not statistically significant (except treatment 3
for small farms using nearest neighbour matching). Pronaf has the strongest relative impact on com-
mercialisation, particularly for family farms of more than 2 ha, both when the effect of simultaneous
policies is included (treatment 1) and when this policy is considered in isolation (treatment 4). The
finding that Pronaf has a larger impact when accessed alone than jointly with other interventions is

confirmed for both sub-groups of farms, but it is particularly evident for those with more than 2 ha:



when receiving credit from Pronaf, the latter are 21.2% to 23.1% more likely to commercialise, depend-
ing on the matching algorithm used (compared to between 13.2% and 13.7% for farms with less than 2
ha). On the other hand, technical assistance is found to have a stronger impact on farms with less than
2 ha, while its impact on farms with more than 2 ha is not statistically significant. The ATT of this
policy for farms below 2 ha is around 10%, i.e. small farmer recipients have a probability of commer-
cialising that is 10% higher than non-recipients. Like for Pronaf, the increase in commercialisation is
larger when this policy is accessed alone (10.1-10.9%, treatment 5) than when accessed together with
other programs (8.3-9.9%, treatment 2), suggesting that market-oriented farms tend to focus on a single
policy. Finally, as for the Seeds policy, we observe a positive and statistically significant effect (6.5%)
only for farms below 2 ha and when interaction effects are not excluded (treatment 3). These figures
suggest that this policy does not push family farm recipients towards a more market-oriented produc-
tion, and that commercialisation is rather increased by other policies accessed jointly with seeds distri-
bution.

The findings for the two sub-groups of farms are in line with those for the whole sample. Moreover, we
can argue that the impact of specific policies is related to the dimension of the farm: the effects of Pronaf
are amplified for farms with more than 2 ha, while technical assistance has a larger impact on farms
with less than 2 ha. This, together with the finding that seeds distribution does not increase commer-

cialisation, confirms the nature of the three policies.



Table 2S: Increase in the percentage of commercial family farms among all recipients of each policy, regardless

of policy interactions (treatments 1-3), for sub-groups of farms (2 ha threshold).

Interaction . Faf”? Treated Controls Matching algorithm ATT (common support)
dimension coeff. st err. z p-value %
Kernel 0.126 0.020 6.45 0.000 *** 12(;/60
<2ha 419 5,090 Nearest neighbour (n=3) 0.115 0.031 3.67 0.000*** 11(')/50
. . 12.5
*kk

1. Pronaf Radius caliper (0.10) 0.125 0.020 6.33 0.000 %
(total) Kernel 0474 0034 511 0000+ T8
> 2 ha 70 588 Nearest neighbour (n=3) 0.219 0.064 3.42 0.001*** 21(;/?)
Radius caliper (0.10) 0174 0035 502 0.000%%* 17(;2
Kernel 0.099 0.020 4.88 0.000***  9.9%
2. Tech- <2ha 411 5,100 Nearest neighbour (n=3) 0.083 0.030 2.76 0.006***  8.3%
nical assis- Radius caliper (0.10) 0.097 0.020 4.77 0.000***  9.7%
tance (to- Kernel 0.070 0.046 1.50 0.134 7.0%
tal) >2ha 83 573 Nearest neighbour (n=3) 0.060 0.066 0.91 0.362 6.0%
Radius caliper (0.10) 0.067 0.047 1.44 0.149 6.7%
Kernel 0.040 0.025 161 0.107 4.0%
<2ha 333 5,179 Nearest neighbour (n=3) 0.065 0.037 1.74  0.082* 6.5%
3. Seeds Radius caliper (0.10) 0.039 0.025 1.58 0.114 3.9%
.(total) Kernel 0.078 0.090 0.86 0.387 7.8%

>2hat 17 550 Nearest neighbour (n=3) 0.157 0.135 1.16 0.244 1(?/(;7
Radius caliper (0.10) 0.081 0.091 0.89 0.375 8.1%

Notes: Significance level: * 10%; ** 5%; *** 1%. ! Based on 750 successful bootstrap replicates; convergence not

achieved for nearest neighbour and radius matching.



Table 3S: Increase in the percentage of commercial family farms among the recipients of a single policy (treat-
ments 4-6), for sub-groups of farms (2 ha threshold).

Interaction . Faf”? Treated Controls Matching algorithm ATT (common support)
dimension coeff. st err. z p-value %

Kernel 0.137 0.024 5.69 0.000 *** 13(;/70
<2ha 237 4,612 Nearest neighbour (n=3) 0.132 0.038 3.47 0.001 *** 13(')/20
. . 135

**kk
4. Pronaf Radius caliper (0.10) 0.135 0.024 5.56 0.000 %
only Kernel 0212 0042 507 0000%= 212
>2ha 36 524 Nearest neighbour (n=3) 0231 0.088 263 0.009 *** 23(;2
Radius caliper (0.10) 0212 0043 492 0,000+ 22
0
Kernel 0.102 0.028 3.69 0.000 *** 1062
. 10.9

- **

5. Tech- <2ha 203 4,612 Nearest neighbour (n=3) 0.109 0.043 253 0.012 %
nical assis- Radius caliper (0.10) 0101 0.028 361 0000%* 01
tance only %

Kernel 0.051 0.060 0.85 0.398 5.1%

> 2 ha 54 524 Nearest neighbour (n=3) 0.019 0.084 0.23 0.821 1.9%

Radius caliper (0.10) 0.046 0.060 0.77 0.441 4.6%

Kernel 0.022 0.032 0.69 0.492 2.2%

<2ha 222 4,612 Nearest neighbour (n=3) 0.060 0.047 1.29 0.197 6.0%

Radius caliper (0.10) 0.020 0.032 0.63 0.530 2.0%

6. Seeds 10.6
only Kernel 0.106 0.144 0.74 0.460 0/
>2hat 9 524 °

Nearest neighbour (n=3) - - - -
Radius caliper (0.10) - - - -

Notes: Significance level: * 10%; ** 5%; *** 1%. ! Based on 750 successful bootstrap replicates; convergence not
achieved for nearest neighbour and radius matching.

Finally, in Table 6 we show the impact of different policy mixes for the two sub-groups of farms. For
some treatments it was not possible to assess the impact for farms larger than 2 ha due to the small
number of treated observations. Therefore, the only positive and statistically significant impact on com-
mercialisation for this type of farms is observed when Pronaf and technical assistance are accessed
jointly (14.3% to 14.4%); this is anyway smaller than the large impact of Pronaf alone (21.2% to
23.2%). The mix between Pronaf and the Seeds policy generates even a reduction in commercialisation
among farms larger than 2 hectares, although this effect is not significant. The impacts on farms larger
than 2 ha of mixing technical assistance with the Seeds policy, and of accessing all the policies together,
either cannot be measured (ATER-Seeds), or are non-significant (three policies). Thus, when focusing
on the farms above 2 ha, either the single policies are more effective than the policy mixes in promoting

commercialisation, or the results are biased due the very small numbers of observations.



In turn, for farms smaller than 2 ha, all impacts that are significant (thus, with the only exception of the
three-policy mix) are also larger than the impacts of the single policies. The increase in commercialisa-
tion compared to the control group ranges from 13.4% when mixing technical assistance and the Seeds
policy, to 17.8% for the mix between Pronaf and ATER (if calculated with nearest neighbour matching).
Limited to significant coefficients, complementing Pronaf credit with technical assistance generates a
marginal benefit between 1.1% and 4.6% (or between 4.6% and 6.9% if seen the other way around, as
complementing technical assistance with credit); complementing Pronaf with Seeds yields a marginal
effect of 1.2% to 1.4%; and complementing technical assistance with Seeds, an effect between 2.9%
and 3.3%. Thus, appropriate policy mixes can increase the prevalence of commercialisation among
farms smaller than 2 ha more than the single policies although, like in the whole sample, the effects of

the mixes are always smaller than the sum of the effects of the single policies.

Table 6: Increase in the percentage of commercial family farms among the recipients of each policy mix (treat-
ments 7-10), for sub-groups of farms (2 hectares threshold).

Interaction . Farm_ Treated Con- Matching algorithm ATT (common support)
dimension trols coeff. st err. z p-value %
Kernel 0.148 0.031 475 0.000 ***  14.8%
7. Pronaf <2ha 127 4,612  Nearest neighbour (n=3) 0.178 0.053 3.35 0.001***  17.8%
& Radius caliper (0.10) 0.149 0.031 473 0.000***  14.9%
Technical Kernel 0.144  0.061 2.37 0.018 ** 14.4%
assistance > 2 hat 26 524 Nearest neighbour (n=3)  0.107 0.103 1.04 0.300 10.7%
Radius caliper (0.10) 0.143 0.063 229 0.022 ** 14.3%
Kernel 0.149 0.065 229 0.022** 14.9%
8. Pronaf <2ha 29 4,612  Nearest neighbour (n=3) 0.103  0.111 0.93 0.353 10.3%
' & Radius caliper (0.10) 0.149 0.065 229  0.022 ** 14.9%
Seeds Kernel -0.112  0.238 -0.47 0.639 -11.2%
>2hal? 4 524 Nearest neighbour (n=3)  -0.222  0.348 -0.64 0.523 -22.2%
Radius caliper (0.10) - - - - -
Kernel 0.135 0.050 271 0.007 ***  13.5%
9. Tech- <2ha 53 4,612  Nearest neighbour (n=3) 0.138 0.078 1.78 0.076 * 13.8%
nical Radius caliper (0.10) 0.134 0.050 2.70 0.007 ***  13.4%
Assistance Kernel - - - - -
& Seeds >2ha? 1 524 Nearest neighbour (n=3) - - - - -
Radius caliper (0.10) - - - - -
Kernel 0.037 0.081 0.45 0.651 3.7%
<2ha 29 4,612  Nearest neighbour (n=3)  0.119  0.123  0.97 0.334 11.9%
10. All Radius caliper (0.10) 0.037 0.081 0.45 0.652 3.7%
policies Kernel 0.162 0.117 1.38 0.167 16.2%
>2 ha? 4 524 Nearest neighbour (n=3)  0.111  0.140 0.79 0.427 11.1%

Radius caliper (0.10)

Notes: Significance level: * 10%; ** 5%; *** 1%. ! Based on 397 successful bootstrap replicates. 2 Convergence not

achieved for radius matching. ® Non-calculable for large farms due to the small number of treated observations.



