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ABSTRACT

This paper evaluates the impact of agricultural extension services in the
Dominican Republic. In particular, we analyze the direct impact of the Program
for Technological Support in the Agricultural Sector (PATCA). The analysis
relies on a unique dataset gathered by PATCA’s executing unit in 2008. The
survey included 1,572 farmers operating in crop growing, breeding or milk
production. Using a propensity score matching technique, we found that the
technologies financed through PATCA effectively improved the productivity of
rice producers and breeders. However, we did not find any significant impact on
other producers. These heterogeneous impacts could be due to the different level
of effectiveness of the promoted technologies in the short run, where land-
leveling and pasture conservation could be the fastest in showing significant
effects. Finally, we did not find any clear evidence that the program had a
significant impact on the quality of production that was reflected on prices
reported by farmers.

Keywords: Technology Adoption, Productivity, Agriculture Sector, Policy
Evaluation.

JEL Classification Codes: Q12, Q16, H43.



INTRODUCTION

In recent years, the contribution to overall growth of the agricultural sector of the
Dominican Republic has been decreasing, as it is common in most developing
countries®. In fact, according to data of the Central Bank, while this sector
accounted for 12.4% of the GDP in 1994, its share of GDP was only 7% in
2007°. Given the high poverty levels that characterized the agricultural sector,?
the government has frequently intervened to support it. However, discretional
commercial policies and disperse and inefficient programs created distortions in
the sector, preventing the development of private provision of inputs and
technology (IDB, 2000). In turn, this situation was reflected in low productivity
levels on the agricultural sector.

In 2003, in an attempt to address this problem, the Dominican government
decided to introduce the Program for Technological Support in the Agricultural
Sector (henceforth refer to as PATCA®). The project’s objective was to increase
the efficiency of the agricultural sector through actions in three areas: i) support
for technology adoption; ii) improvement in agricultural health and food safety;
and iii) provision of technical assistance for commercial and institutional
reforms. The program had an overall cost of USD $61 million of which 90% was
financed through a loan with the Inter-American Development Bank.

This paper evaluates the effect of the first PATCA’s component on farm-level
income and productivity. This component utilized 60% of the project’s resources
to award matching-grants for technology implementation to farms operating in
crop growing, breeding or milk production. The assessment of the effectiveness
of agricultural technologies on farmer’s productivity is a relevant question given
the significant role they play in reducing poverty. As Janvry and Saudolet (2002)
point out, agricultural technology can help reduce poverty through direct and
indirect effects. The former comes from gains related with the effect of the
technologies over income and productivity improvements of beneficiaries, while
the latter are represented by gains derived from adoption by others leading to
lower food prices, employment creation, and growth linkage effects. This study
aims to identify the direct results derived from PATCA in the Dominican
Republic. In this sense, this study contributes to the existing literature by offering

! According to the World Development Indicators the average share of the agriculture sector in
GDP - for the 15 countries of Latin America that have available information — decreased from
17.6% to 10.1% from 1970 to 2007.

2 Calculations were made based on the information obtained from the web page of the Central Bank
of Dominican Republic: http://www.bancentral.gov.do/

% According to the World Development Indicators in 2004, 56% of the rural population was below
the poverty line in the Dominican Republic.

* Programa de Apoyo a la Transicién Competitiva Agroalimentaria.
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new evidence of the impact of agricultural technologies subsidized by PATCA
on productivity and income of Dominican Republic’s agricultural producers.

For this purpose, we use a unique database constructed by the PATCA’s Central
Executing Unit (CEU) during 2008. The survey includes 1,572 producers of
which 461 and 1,111 carry out cattle and agricultural activities, respectively. The
data includes information on beneficiaries and on a control group of non-
beneficiaries. The control group was selected from producers that had not
adopted the technology promoted by the program, but had similar characteristics
to those of the beneficiaries. Therefore, the dataset only allows identifying the
direct effect of technology adoption but not the indirect effect of the program
over other producers.

We use propensity matching score to identify the differences in productivity and
income between adopters and non-adopters of the technology. The data structure
allows analyzing specific impacts for land-leveling and pasturing conservation.
For both types of technologies positive results on productivity were identified on
rice crops and breeding activities, respectively. For the case of rice producers this
impact was traduced in value of production per unit of land but not on price
differentiation (i.e. quality of product). On the other hand, we do not find
evidence of an impact of pasture conservation over breeder’s income. This last
might be due to the fact that for breeding activities productivity shifts may
traduce in value in longer periods of time.

No significant changes were identified on the overall group of crop producers or
on milk producers. While for the case of crops this might be due to the
heterogeneous effects technologies have on the short run, for the case of milk
production a positive impact was expected.

This document has five sections following this introduction. The next section
offers a brief review of the related literature. Section number two describes the
program: its objectives, its components, the technologies offered and the
eligibility criteria. It is complemented with an analysis of the rationale of the
public intervention made through PATCA. The third section describes the data
and methodology that were used to develop the impact evaluation. The fourth
section describes results of the estimations, and finally, the last section offers
some conclusions and policy recommendations.



EVIDENCE OF THE IMPACT OF EXTENSION SERVICES

Public support for technology adoption in the rural sector is usually defined as an
agricultural extension service. Following Feder et al. (1999), we define extension
services as: “... a system and a set of functions that may induce voluntary change
in the rural sector”.® The system includes private, public and semi-public agents
and the functions could be transfer of knowledge, information, technologies or
managerial capacity.® Overall, the aim of this type of services — as Evenson
(2001) suggests — is to provide technical education to farmers or foster the flow

of information between farmers and technology providers.

The evaluation of the impact of this type of services in the last years can be
divided in four groups. The first includes studies that analyze the effect of
extension services by estimating production functions which include extension as
an input. This approach, however, assumes that farms operate at an efficient
level” — which is not likely due to the market inefficiencies that justify public
intervention® — and that there is a random assignment between controls and
treated groups. The latter is rarely the case given that treated producers have, on
average, different characteristics from controls. Thus, the results of this type of
estimations could be biased by the observable and unobservable characteristics
that might affect participation and the relevant outcome variable. One example
of this type of estimations is given by Dinar et al. (2007). The authors use a data
set from the Cretan agriculture to analyze the direct and indirect impact of
extension services in farmers’ productivity. The estimation technique includes a
non-neutral stochastic production frontier that includes the extension services
both in the production function as an input and as a factor explaining individual
technical efficiency levels. Their results show that the impact of the program
depends of the interaction between the services offered, the socio-economic and
the physical characteristics of the farm. In addition, they found that for the Cretan
case subsistence farms do not demand extension services of any type.

The second approach tries to overcome the problems of the production function
technique by controlling for the observable variables available in the data. As
Heckman (1979) explains, this correction reduces the estimation bias. One
alternative would be to regress the outcome variable in a participation dummy

® Page 3.

® See Alex and Rivera (2004) for more examples.

" This idea was pointed out by Dinar et al. (2007).

8 There are several circumstances in which pure private provision of this type of services may be
suboptimal. The answer to this question depends on the public-good nature of the service. As
Hanson and Just (2001) point out, necessary assumptions for optimal private provision include
rivalry, excludability, appropriability, absence of externalities and distortions, symmetric
information and complete markets.



and control for the observables (assuming they are the only ones that may affect
the outcome). Other alternatives include the construction of a counterfactual of
the experiment by surveying non-participant farmers and compare them with the
treated through matching techniques. For example, Godtland et al. (2004)
evaluate the impact of a farmer-field-school program on farmers’ knowledge of
pest management in potato cultivation using a propensity matching score for the
case of Cajamarca in Peru. Their results indicate that the program had a
significant positive impact on productivity and results are robust across different
matching methods.

Another example of this approach is given by Cerdan-Infantes and Maffioli
(2009), who evaluate the impact of the PROMOSA program of Panama. The
program delivered technical assistance and training to small farmers with the
objective of generating an active private market for extension services. Given
that there was no secondary data available, the authors relied in a unique data
constructed for the study. They used propensity score matching techniques
finding a positive impact of the program over productivity of breeders and of
milk producers.

The third body of literature utilizes a panel data approach to remove time-
invariant unobservables (e.g., farmers’ skills or efficiency). A complete impact
evaluation is offered by Gautam (2000) for the National Expansion Project | and
Il programs that were funded by the World Bank in the agricultural sector of
Kenya. The extension services offered included trainings for farmers and visits.
The author develops a fixed effects estimation finding no evidence of a
significant impact of the current extension system on farmer efficiency or crop
productivity. One of the most interesting conclusions of the author is that there
was a need for more efficient targeting given that many treated farmers did not
need the technologies or could have implemented them without funding.

In the same year, O’ Neill and Leavy (1999) used a panel data on 307 Irish farms
from 1984 to 1994 to identify whether contact with the extension service was a
significant variable in explaining differences across farm’s productivity.
Specifically, the authors utilize a fixed effects panel model and a stochastic
production frontier approach. Results from both models show that having contact
with the advisory services through either a visit or a training course is significant
in explaining the efficiency levels of farms.

Later, Owens et al. (2003) studied the impact of the visits from agricultural
technicians over crop production in Zimbabwe by using fixed effects for farmers.
The authors found that these type of services increased crop production by about



15 percent. However, they identified high variability of the effect of the program
through years, especially in drought and non-drought years®.

A similar approach was applied by Romani (2003). The author uses panel data
for the period between 1997 and 2000 in Cbte D’lvoire to asses the impact of the
actions of Anader (the coordination agency for extension services) in the
productivity of crop farmers. Once individual fixed effects are controlled across
time the author identifies a positive impact of Anader’s actions, although this
gain is not reflected in higher revenue levels for producers.

In this same line, Praneetvatakul and Waibel (2006) present an application of a
difference in difference model to measure the environmental and economic
impact of a farmer field school program on crop and pest management practices
of rice in Thailand. Results showed that trained farmers significantly reduced
pesticide use and that they retained these practices several years after training.
Nonetheless, there was no evidence of a significant change in rice gross margin.

Other example is given by Cerdan-Infantes et al. (2008) who evaluate the impact
of the provision of agricultural extension services to grape producers in
Mendoza, Argentina using fixed effects and matching techniques based on a
panel dataset from 2002 to 2006. The authors find no significant average
treatment effect on yields or in the introduction of new varieties. Using the same
technique, the authors evaluate the impact of the Farm Modernization and
Development (PREDEG) of Uruguayan farmers in 2009. Their results indicate
that the program increased the rate of adoption of certified varieties and the
density of plantation, whereas it had a limited impact on productivity.

Finally, the fourth group of studies deals with the time-variant unobservables
using instrumental variables. For instance, Akobundu et al. (2004) utilize
measures of access to extension services as instrument for program participation
given that it is not related with the income of farmers (i.e., outcome variable).
The author finds that the program had a positive impact on farmers’ income only
for the case of multiple visits from technical advisors.

Overall, two conclusions can be obtained from the revision of the literature. On
the one hand, the choice for the adequate estimation technique that should be
used in each case depends on the available data. Absent a well-thought
experimental design, the ideal scenario would imply using panel data or a good
instrument to control for biases generated by observable and unobservable. Yet,
this type of data is rarely available for the agricultural sector. For cross section
data the most recommended methodology is propensity matching score, however,
this technique does not control for biases generated on the unobservables. On the

® Although the reason is not specified, the impact is negative in drought years.
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other hand, results of the different evaluations suggest that the direction and
magnitude of the impact of extension services depends of the type of
intervention, on the characteristics of the market and of the producers. As was
mentioned in the introduction, this study contributes by offering new evidence on
the impact of agricultural technologies subsidized by the PATCA in the
Dominican Republic.

DESCRIPTION OF THE PROGRAM

The general objective of PATCA was to increase competitiveness and reduce
poverty in the Dominican Republic agriculture sector. PATCA was of national
scope and offered the same opportunities to all eligible producers. The program
had an overall cost of USD $61 million of which 90% was financed through a
loan of the Inter-American Development Bank (IDB). It was structured in three
components: i) support for technology adoption; ii) improvement in agricultural
health and food safety; and iii) technical assistance for commercial and
institutional reforms.

This evaluation focuses on the impact of component one, which used 60% of the
program’s resources (USD $33 million) to offer matching-grants to support
producers in the implementation of five technologies: i) land-leveling, ii) zero or
non-farming (minimum plowing), iii) introduction of new tree species, iv)
modernization of water irrigation techniques, and v) pasture conservation.'® The
component limited the maximum subsidy that a producer could receive to USD
$4,500. According to the data of the CEU, on average, the program offered
higher funding for the implementation of technologies with positive
environmental externalities. Specifically, it funded 85% of the cost of each
technology that improve conservation of water, prevent soil fertility losses or
reduce contamination (i.e., land-leveling and introduction of new tree species);
67% of those that generate any positive externality to natural resources (i.e. and
pasture conservation) and 60% of the rest (i.e., zero or non-farming and
modernization of water irrigation techniques)."* Each technology was targeted
towards a specific product, as Table 1 shows:

10 At its first stages the program intended to finance more technologies, but the first few cases were
not successful and for that reason only those five were subsidized.

It is not clear why the technologies were classified in this way. For instance, zero or non-farming
should be associated with less soil fertility losses.
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Table 1. Crops that apply to the program

Type of technology Principal crops benefited
Land-Leveling Rice and similar crops
Water irrigation techniques Fruits and vegetables
Zero or non farming Fruits,tubers and similar crops
Pasture conservation Livestock
Introduction of new tree species Fruits

Source: PATCA — Central Executing Unit.

To be eligible for the program farmers should have a document that proved legal
possession of the land or, in case of tenants and sharecroppers, that the land
owner had a valid land title. Therefore, only legal owners, tenants and
sharecroppers were selected as beneficiaries of the program. In addition, they
needed to present a copy of the land owner’s ID if he/she was not the owner of
the property, a copy of the producer’s ID and an application form.

The program was executed by the Agriculture Ministry through a central
executing unit (CEU), a directive board and a financial institution (Banco de
Reservas). The CEU worked through eight regional offices (ROs) distributed
throughout the country. In each RO, 20 technicians specialized in agronomy
(henceforth referred to as AAAs*?) were hired to disseminate the program and
guide the producers in the process of application and technology adoption. The
AAAs were selected from a group of 400 workers of the Secretary of Agriculture
based on their performance on a knowledge exam. Each AAA was located in one
of the eight ROs according to their place of expertise. Figure 1 shows this
structure.

Figure 1. Program execution
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In addition to the information that was disseminated by the AAAs, the program
was promoted through advertising in local radio, television and newspapers,
meetings with NGOs and organizations of producers. The AAAs guided the
producers that decided to submit an application to the program on how to fill the
application form and gather the required documents. Afterwards, the application
was submitted to each RO, where the documents were revised and then sent to
the CEU for approval. If the requirements were fulfilled the CEU approved the
subsidy and sent back a payment order to the producer through the RO. With that
order, each producer chose a technology provider from a list that was
preapproved by the CEU, and negotiated with them the price of the technology.
Producers were expected to contribute to the implementation of the technology
either in cash or in kind. Once the technology was installed and the AAA
supervised it was correctly applied and that the price was consistent with market
prices, providers could request the funding allocated to the producer by the
program through the Banco de Reservas of each region (Figure 2 shows the
process).

Figure 2. Process of submission an application of subsidies
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The activities of the program were divided in three phases. The pre-operative
phase included all actions that took place before the first subsidy was approved.*®
The second was the operative phase, in which submission for subsidies were
processed and approved by the CEU and ROs and producers were guided by
AAAs in the selection of providers and on technology adoption. Finally, the
phase for operational support, currently in execution, is dedicated to the
evaluation of the program performance and to financial conciliation.

Overall, the project received 20,753 submissions and approved 15,836
subsidies™ that were distributed as shown in Table 2:

Table 2. Distribution of subsidies by technology

Type of technology N. of subsidies % of total $USD executed % of total $USD executed
Land-Leveling 2649 16.7% 61200000 7.1%
Modernization of Water irrigation techniques 5234 33.1% 411000000 47.7%

Zero or non farming 703 4.4% 13200000 1.5%

Pasture Conservation 3669 23.2% 205000000 23.8%
Introduction of new tree species 3567 22.5% 170000000 19.7%
Total 15882 100.0% 861000000 100.0%

Source: PATCA - Central Executing Unit.

Most of the subsidies were directed to subsidize the modernization of water
irrigation techniques (33%). In fact, almost 47.7% of the executed funds were
spent in this technology. In contrast, zero or non-farming was the least common
used technology accounting only for 1.5% of total executed resources.

Description of Technologies

As was mentioned, five types of agricultural technologies were financed by the
program: i) land-leveling, ii) non-farming or minimum plowing, iii) introduction
of new tree species, iv) modernization of water irrigation techniques, and v)
pasture conservation.

Land-leveling consists of exposing subsoil by removal and deposition of surface
soil from high to low lying areas. This technique ensures a flat topography for

'3 This phase included the selection process of the AAAs, their trainings in the correct utilization of
the technologies, the selection of providers, the dissemination procedures and the establishment of
the standards and operations manual. The selection of providers was done through a public call for
interested firms advertised through three local newspapers, from which the final providers were
chosen if they were constituted as formal businesses, paid their taxes and had experience in this
field. In this stage as well, the CEU signed the contract with the Banco de Reservas to canalize
resources to the providers.

4 Rejections correspond to producers that did not posses a document that demonstrated legal
possession of the property, producers that did not possessed a legal identification document and to
producers that fulfill requirements but applied to the program when funds were insufficient to give
additional grants.



constant water depth and, hence, for efficient use of irrigation water. This
technology was applied only on rice crops. The annexes of the loan document of
PATCA report the expected impact for this technology in the Dominican
Republic area™: water usage may be reduced from 25-30%, erosion may be
reduced until 80% (they specify that this reduction may be lower during the first
year) and reduction in 100% of plagues created by water obstruction.

Non-farming or minimum plowing consists on sowing the new crop over the last
crop’s residuals without plowing the land. It has the great advantage of reducing
the hours of work and of using residuals as fertilizers. Weed and insects must be
removed from soil by using chemical products. This technology has the virtue of
conserving the soil nutrients that are loss when the land is plow. As for the case
of land-leveling, the annexes of the loan document report the expected effects for
this technology in the Dominican Republic area, they include™: i) a reduction in
soil erosion, ii) a reduction in 15% in the water required in the production cycle,
and iii) an improvement of micro-biotic flora of the soil. For i) and ii) no numeric
magnitudes were specified.

For the other three types of technologies no information on their expected results
was offered in the loan document of the project. However, through the CEU
employees and other stakeholders it was possible to identify, in a general sense,
the objectives of these investments.

To begin, the introduction of new tree species aimed at reducing soil erosion in
hillsides. New species include tropical fruit trees such as: mango, avocado,
lemons and passion fruits. Secondly, modernization of water irrigation
techniques consists on implementing aspersion or micro-aspersion systems all
over the cropped areas. The main objective of this technology was to reduce
water application rate and expand the irrigated lands via a reduction in demand
for water. Finally, pasture conservation was only applied in the livestock sector
and consisted on financing fertilization, improved seeds and fences to improve
pasture quality. It aimed at improving pasture quality to increase milk production
or cattle weight.

Overall, literature has focused on assessing the impact of land-leveling. The
available studies that asses its impact show mix results. On the one hand, some
studies find a reduction in the water application rate, but on the other, studies
show a negative impact over the chemical properties of soil’’. One example for
the first group of literature is given by Abdullaev (2007). The authors identify the

5 |DB (2002). Annex XIII.

' Ibid, Annex XIII.

" However, the magnitude of these findings depends on the characteristics area of study and on the
type of crop.
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impact of laser land-leveling on cotton crops of northern Tajikistan finding that
this process reduced the water application rate by 593, 1509 and 333 cubic
meters per ha in 2004, 2005 and 2006, respectively in comparison with the
unleveled field, located in the similar agro-ecological conditions.

Other studies have found that nutrient deficiencies may occur in rice grown on
exposed subsoil due to removal of nutrient-laden surface soil during land-
leveling. For example, Preve and Martens (1989) analyze potential nutritional
problems that could arise from growth of rice in subsoil exposed by leveling the
soil in southeastern Brazil. They find that land-leveling would displace the
nutrient-laden surface soil from high to low-lying areas and, thereby, would
expose subsoil with a lower nutrient content. In another study for the Arkansas
region, Brye et al. (2004) found that land-leveling causes significant alteration of
the magnitudes, spatial variability, and spatial distributions of many soil chemical
properties.

Programs’ Rationale

As Zijp (1998) points out, extension services can be provided and funded by the
public or private sector or for a mixture of both. The above raises the question of
whether or not this type of programs should be financed through public funds.
First and foremost, the answer depends on the public-good nature of the service.
Hanson and Just (2001) point out the necessary assumptions for optimal private
provision, which include that the service is rival and excludable, that there is
symmetric information and the existence of complete markets. Secondly, the
answer depends of the fact that private providers can reach all groups regardless
of their income.'® Literature has reached an agreement on the necessity of
applying a plural system in the presence of credit constraints. In such cases,
public extension should be limited to small-scale, non-commercial farmers.*
Third, public provision may be justified in the presence of asymmetric
information on the value of the service or on its benefits, which will prevent that
prices appropriate benefits. Remoteness is another reason for public provision,
given that it is not profitable for private providers to offer their services in places
in which transport costs are too high. Finally, the last reason for public provision
of extension services is externalities. For instance, private extension cannot
appropriate the benefits of positive environmental externalities.

Therefore, the characteristics of the type of extension services offered, the
context that surrounds it (i.e. type of market, etc) and the characteristics of the
potential beneficiaries play a significant role in the identification of the best way
to fund and provide them. Hanson and Just (2001) identified five categories of

18 As Feder et al. (1999) suggest public funding has been justified as well by social goals.
19 See for example, Feder et al. (1999), Alex et al. (2004) and Alex and Rivera (2005).
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extension services that combine both public and private actors in provision and
funding activities: i) public extension, with public funding and delivery; ii) paid
public extension, with public provision and a fee for service funding; iii) partially
public-funded private extension, delivered by private firms but financed with
public budgets and users fees; iv) policy-supported private extension, provided
by firms and financed by users with government taxes for specific production
techniques; and (v) private extension, provided by private firms (Table 3).

Table 3. Cases for mixed extension services

Public extension  Paid public extension  Partially public-funded private extension  Policy supported private extension  Private extension

Public X X X X
Funding  Users fee X X X X
Private X X X
Provision Public X X

Note: Table based on Hanson and Just (2001).

According to these criteria, PATCA can be classified as a policy supported
private extension program that combines public funding and fees from
beneficiaries to pay for private provision of technologies. The key feature of this
program is the provision of the technologies from private providers and the
payment of technology through matching-grants between the government and the
beneficiaries.

In the PATCA case, the justification for public funding was based on two market
failures: i) asymmetric information on the potential benefit of the technologies
and, ii) the financial constraints that affected the Dominican farmers. Since these
problems were affecting more intensively the poorest producers, the program was
also justified as poverty targeted.

Related with the asymmetric information problem, field interviews with
producers and providers confirmed that when PATCA was launched the
awareness on the potential benefits of the promoted technologies was low?.
Overtime, the awareness on the technologies’ usefulness improved substantially,
as shown by the increasing demand for support during PATCA execution.?
However, the financial constrains seem to persist, since, according to the local
stakeholders, very few low-middle income farmers had the resources to
implement the technologies by themselves. Finally, with reference to the program
targeting, PATCA'’s design suffered significant limitations. In fact, the eligibility
criteria excluded all the farmers who did not have a legal possession of the land

2 |n fact, stake holders confirmed that when the program began there was no demand for resources.
Although this was explained by the lack of trust producers had in the government it was also
explained by the low knowledge they had of technology’s benefits.

2L When the program closed it had 8,000 additional requests for funding to adopt the technologies.
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and, therefore, who most likely represented the poorest rural producers. In fact,
according to Instituto Libertad y Democracia (2006), around 40% of the lands in
Dominica Republic are not legally registered and this land is concentrated in the
population within the first deciles of income.

In conclusion, although the public intervention of PATCA helped to reduce
asymmetric information problems, it failed to support the poorest farmers
because of targeting failures.

DATA AND METHODOLOGY

Data

The information used to evaluate the impact of PATCA’s technologies was
gathered by the CEU in the second semester of 2008. Unfortunately, the CEU did
not construct an ad-hoc baseline for the program evaluation and we could not use
secondary sources for this purpose, given the scarcity of agricultural statistics in
the Dominican Republic.?> Therefore, the evaluation had to rely completely on
the 2008 ex-post survey.

The survey includes 1,572 producers, 973 of which were treated by the program.
The CEU initially selected a sample of treated farmers to be interviewed from its
own administrative records. The beneficiaries were pre-selected to represent the
most important crops and regions treated by PATCA.

For the selection of the control group, the CEU decided to select only producers
that had not adopted the technology promoted by the program. As previously
mentioned, these only allow identifying the direct effect of technology adoption
but not the indirect effect of the program over other producers. To select the final
sample used for the field work, the CEU considered the key factors that affected
the selection of PATCA’s beneficiaries. Four basic criteria were adopted: i) size
of the farm, ii) intersection of crops and location, iii) proof of legal possession of
the land, and iv) socioeconomic status of the farmers. In practice, this meant that
the survey coordinators identified beneficiary and non-beneficiary producers with
similar size, same product and same location. They then excluded from sample
those non-beneficiaries who could not prove the legal possession of land. Finally,
they further restrict the sample by including only beneficiaries and non-
beneficiaries matched on the basis of their age and socioeconomic status.? To
improve the accuracy of this process, the sample selection on the field was

22 The last economic census for this sector was made in 1998.
2 Unfortunately, because of budget limitation, the survey questionnaire did not include a section of
the socioeconomic status of the farmers.
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conducted with the support of the AAAs, who participated in the original
selection of the program beneficiaries.

To test the quality of the selected sample, we checked how many farmers in the
control group were selected by PATCA, but eventually did not participate in the
program.”* With the information available, we were able to determine that at
least 44% of the control group was actually selected. This result shows that the
sampling process effectively selected a control group comparable to the
program’s beneficiaries.

The final sample included 461 farmers whose main activity is cattle (i.e.
breeding, milk production or both) and 1,111 farmers dedicated to crop growing.
Table 4 shows the number of observations in each category differentiating treated
and non-treated farmers. Overall, the sample included 599 program beneficiaries
and 973 controls. Within the group of cattle the sample was well distributed
among milk producers (348) and breeders (328) and 215 of the observations
correspond to farmers who worked in both areas. For the group of crop growers
most of the observations come from farmers who cultivate rice (347) or fruits
(364), while very few observations are available for the farmers of tubers (53),
avocado (55) and aji (56).

Table 4. Survey Sample by sector, beneficiaries and non-beneficiaries

Non-Pacta Patca Total
Sector Subsector 599 973 1572
Cattle 170 291 461
Milk productiol 127> 221* 348*
Breeding* 114> 214> 328*
Crop growing 429 682 1111
Vegetables 60 73 133
Fruits 112 252 364
Tubers 19 34 53
Rice 156 191 347
Avocado 17 38 55
Aji 24 32 56
Others 41 62 103

* Includes 215 farmers that perform both activities.
Methodology

The correct evaluation of the impact of the technologies will require identifying
the “average treatment effect on the treated” defined as the difference in the
outcome variables between the treated farmers and their counterfactual (i.e. the

2+ According to local stakeholders, at the beginning of the program many selected producers did not
follow up with the program procedures given their low trust on governmental activities. In most
cases, when they realized the efficiency of the process it was too late given that all grants were
already delivered.
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outcome of beneficiaries if they had not been part of PATCA). In this context, if
Y represents the outcome variable and if D is a dummy variable that takes the
value of 1 if the individual was treated and O otherwise, the “average treatment
effect on the treated” will be given by:

1) T =E[Y@/D=1]-E[Y(0)/D=1]

However, given that the counterfactual (E[Y (O)/Dzl]) is not observed, a

proper substitute has to be chosen to estimate T, . Using the mean outcome of

non-beneficiaries -which is more likely observed in most of the cases- do not
solve the problem given that there is a possibility that the variables that
determine the treatment decision also affect the outcome variables. In this case,
the outcome of treated and non-treated individuals might differ leading to
selection bias. To clarify this idea the mean outcome of untreated individuals has
to be added to (1) from which the following expression can be easily derived:

(2) Tarr ={E[Y(@)/D =1]-E[Y(0)/ D =0]}-{E[Y(0)/ D =1]- E[Y(0)/ D = 0}}

Here E[Y (0)/D = 1]— E[Y (0)/D = 0] represents the selection bias which will

be equal to zero if the program was given randomly, that means, in the case
where treated and control groups did not differ before the program was
implemented. This was clearly not the case of PATCA given that beneficiaries
were only farmers that had formal land titles, leaving out of the scope of the
program informal owners. Therefore, it is necessary to invoke identifying
assumptions to evaluate the impact of the technologies that were subsidized by
this program.

Given the structure of the available data and that there are only ex-post
observations for one period, we use matching propensity score to asses the
impact of technologies over farmer’s productivity and value of production. The
methodology relies on the conditional independent assumption which states that
given a group of X covariates that are observable which are not affected by
treatment, potential outcomes are independent of treatment assignment:

@)  YO),YQ)LD/X WX

As Caliendo and Kopeing (2005) indicate, if X is independent of the outcomes
then a propensity score estimated from X has the same property. Hence, if the
conditional independent assumption holds the “average treatment effect on the
treated” may be estimated as the mean difference in outcomes weighted by the
propensity score distribution of participants:

@ T™ =E,0atE[Y 1)/ D =1P(X)]-E[Y(0)/D =0,P(X)]}
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In this context, the problem now turns to be the selection of those variables that
were not affected by PATCA and that are observable, next section deals with this
problem. It could be argued that once these variables are found there might be an
additional source of biases related with the fact that the AAAs could have
incentives to select producers that had higher probabilities of a successful
implementation. In this case, changes in outcomes may be explained also by
differences in motivation and not entirely by the implementation of technologies.
Nevertheless, the interviews to the executing unit left clear that this was not the
case. First and foremost, the program was open to all farmers that had a formal
certification for their property and there were no other criteria taken into account
(economic status, education and experience did not influenced the decision of the
executing unit). Secondly, the program had strong advertisement that guaranteed
that all farmers had similar probabilities of receiving information of the program,
hence, similar opportunities of being beneficiaries of the program (if they had a
formal certification of their land). Third, there was a very low rate of rejection of
the farmers that apply for the subsidies and fulfilled the requirements of land
property. Of the 4,917 farmers that were rejected only 100 fulfilled eligibility
conditions.

Outcome variables

The survey allows evaluating the impact of technology adoption on productivity
and production value in three different types of activities: crop growing, breeding
and milk production.

For crop growing, we used three variables: i) productivity per unit of land
cropped, ii) production value per unit of land cropped computed with market
prices, and iii) production value per unit of land cropped as reported by farmers.
We analyzed both the whole sample and the subsample of rice producers. We did
not consider other subsamples because we did not have enough observations for
other specific crops. The analysis for rice producers allows to asses the specific
impact of land-leveling on productivity and income given that rice producers
only implemented this technology. For other types of crops it is only possible to
asses the general impact of all technologies in all cropping activities given there
are insufficient observations to make a heterogeneity analysis.

For breeding we considered two variables: i) Reproductive Efficiency Index
(REI), defined as the ratio between calves (of less than 1 year) and cows of more
than one year old inclusive;” and ii) average weight per head of cattle. These
two variables are used as proxies of productivity.

% As Cerdan and Maffioli (2009) mention, the REI is probably the most commonly used indicator
for reproductive efficiency used by literature.
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Finally, for milk production we used the average milk production and value of
average milk production. The former was used as a proxy for productivity and
the latter for income. Given that for livestock the only technology offered was
pasture conservation, the analysis of this sector allows identifying the specific
impact of this technology.

EMPIRICAL RESULTS

Given the characteristics of the data, we used a propensity score matching
approach to evaluate the impact of program. As Dehejia and Wahba (1999) or
Heckman et al. (1997) point out, this estimation strategy requires several steps: i)
estimation of the propensity score, ii) selection of a matching algorithm, iii)
revision of overlap and common support conditions, and iv) assessing matching
quality.

The identification of the matching technique relies on the conditional
independent assumption, which requires that the outcome variables are
independent of the treatment conditional on the propensity score. Therefore, only
variables that are unaffected by program participation should be included in the
estimation of the propensity score. The final objective is to construct treatment
and control groups that are as similar as possible, so that the control group would
resemble what would have happened to the beneficiaries in the absence of the
program.

Despite the effort to balance the characteristics of beneficiaries and non-
beneficiaries through sampling, once we analyzed the data we still found some
significant differences between the two groups. Table 5 shows the tests for mean
differences between the groups of beneficiaries and non-beneficiaries. Type of
property, region, total cropped area, type of crop and total expenditures in other
inputs still show significant differences. Though some of these differences might
be simply due to some attrition in the collection of the survey, they reveal
important differences between participants and non participants in our data that
need to be accounted for when identifying the effect of the program.
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Table 5. Means differences for treated and non-treated groups

PATCA NON-PATCA T-STAT
N. observations mean N. observations mean (dif non-patca - patca)
Crop Growing
Farmer is owner of the land 675 0.66 403 0.74 -2.67***
Farmer rents the land 675 0.13 403 0.07 2.81***
Farmer is sharecropper 675 0.22 403 0.20 0.71
Land's value 684 40990.13 424 43492.61 0.57
Wages 700 98066.99 432 105149.10 0.95
Total expenditures in other inputs 692 158893.90 427 150888.00 -0.1931
Total cropped area 706 41.38 434 50.93 3.34%**
Location Central region 706 0.10 434 0.12 1.2
Location East region 706 0.09 434 0.06 -2.09*%*
Location Northcentral region 706 0.19 434 0.25 2.52**
Location northeast region 706 0.18 434 0.20 0.79
Location northwest region 706 0.21 434 0.15 -2.15%*
Location north region 706 0.20 434 0.17 -1.22
Location south region 706 0.01 434 0.02 1.22
Location southeast region 706 0.03 434 0.03 0.1811
Perennial cycle of crop 694 0.49 428 0.36 -4.24%**
Short cycle of crop 694 0.51 428 0.64 4.24%**
Type of crop: vegetables and tubers 703 0.16 434 0.18 1.02
Type of crop: rice 703 0.28 434 0.36 2.99%**
Type of crop: fruits 703 0.47 434 0.35 -3.88***
Other type of crop 703 0.10 434 0.11 0.46
Breedin
Farmer is owner of the land 203 0.67 113 0.64 -1.38
Farmer rents the land 203 0.17 113 0.17 -0.12
Farmer is sharecropper 203 0.18 113 0.19 0.97
Land's value 204 175615.1 98.0 146151.5 -0.7
Wages 214 82501.4 114.0 83637.3 0.0969
Total expenditures in other inputs 194 6354.0 114.0 8399.9 2.02**
Location Central region 214 0.09 114 0.20 2.79%**
Location East region 214 0.53 114 0.15 -7.16
Location Northcentral region 214 0.03 114 0.05 0.87
Location northeast region 214 0.15 114 0.26 2.51**
Location northwest region 214 0.05 114 0.11 1.82*
Location north region 214 0.12 114 0.18 1.6*
Location south region 214 0.00 114 0.01 0.45
Location southeast region 214 0.02 114 0.04 0.91
Milk Production

Farmer is owner of the land 208 0.57 126 0.56 -0.53
Farmer rents the land 208 0.12 126 0.14 0.28
Farmer is sharecropper 208 0.27 126 0.26 -0.97
Land's value 211 187330.0 112.0 163154.9 -0.4
Wages 220 115090.9 127.0 101461.5 -0.96
Total expenditures in other inputs 203 7724.1 127.0 7696.8 -0.021
Location Central region 221 0.13 127 0.24 2.52%*
Location East region 221 0.46 127 0.12 -6.24%**

Source: Authors' calculations.

Note: * significant at 10%; **significant at 5%; and *** significant at 1%. The dummy variable for owner of land
is equal to 1 if the applicant was the owner of the land and 0 otherwise; the variable farmer rents land is equal to
1 when the applicant rents the land and 0 otherwise; the variable farmer is sharecropper is equal to 1 when the
applicant is sharecropper of the land and 0 otherwise; wages and total expenditures in other inputs are expressed
in Dominican currency; land’s value is expressed in Dominican currency per ha of land; total cropped area is
expressed in ha; and finally, the location and type of crop dummies takes the value of 1 for the specified location

or type of crop and 0 otherwise.
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Propensity Score Estimation

As mentioned before, although the survey did not included questions related with
farmers’ personal characteristics and economic status, differences in these
variables between beneficiaries and controls should have been minimized by the
process through which the control group was selected. However, given the
significant mean differences in the observable variables shown in table 5, we
carried out a matching procedure. For this purpose, we estimated the probability
of participating in the program using a probit model controlling for variables that
show significant differences between treated and control groups such as: i)
wages; ii) cost of other inputs (excluding labor and capital); iii) value of land; iv)
type of region; v) cycle of crop (short or perennial); and vii) type of crop
(vegetables, fruits, rice and other). In the pscore estimations, we controlled for all
the above variables, but total cropped area given that it may be endogenous to the
program participation.

Table 6 presents the results of the estimation for the implementation of
technologies for the three types of activities analyzed (i.e. crop growing, cattle
and milk production).

Table 6. Propensity score for technology implementation
A. Crop Growing

Dependent variable: Dummy for PATCA (=1 if treated by the program)

Independent variables Coefficient Std. Error 7 P>[z| 95% Conf. Interval
Wages 0.00169160 0.00062790 2.69000000 0.00700000 0.00046090 0.00292230
Cost of other inputs 0.00000003 0.00000004 0.64000000 052200000 -0.00000006 0.00000012
Land's value -0.00000152 0.00000087 -1.74000000 0.08200000 -0.00000323 0.00000020
Type of region (central outside) East 0.69263800 0.21793770 3.18000000 0.00100000 0.26548800 111978800
Northentral 0.30929890 0.17597080 1.76000000 0.07900000 -0.03559760 0.65419540
northeast 045523270 0.18881830 2.41000000 0.01600000 0.08515570 0.82530970
northwest 0.94150510 0.18821480 5.00000000 0.00000000 057261080 1.31039900
north 063032080 017514370 3.60000000 0.00000000 0.28704540 0.97359620
south 0.24057380 0.38158420 0.63000000 0.52800000 -0.50731750 0.98846520
southeast 0.24513890 0.25113510 0.98000000 0.32900000 -0.24707690 073735480
Type of cycle of the crop (perennial o1 Short cycle -0.51297360 0.27919470 -1.84000000 0.06600000 -1.06018500 0.03423810
Type of crop (vegetables and tubers o Rice 0.79791930 0.21901460 3.64000000 0.00000000 0.36865860 1.22718000
Fruit 0.23141730 0.27701300 0.84000000 0.40300000 -0.31151830 077435290
Other -0.04642380 0.20390580 -0.23000000 0.82000000 -0.44607170 0.35322420
N. Observations 846
Pseudo R2 0.1556

Source: Authors” calculations. The estimation was made through a probit model.

Note: The variables of wages and cost of other inputs are expressed in Dominican currency, land’s value is
expressed in Dominican currency per ha of land and location and type of crop dummies take the value of 1 for the
specified location or type of crop and 0 otherwise.
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B. Breeding

Dependent variable: Dummy for PATCA (=1 if treated by the program)

Independent variables Coefficient Std. Error z P>lz| 95% Conf. Interval
Wages 0.00000086 0.00000086 101000000 0.31200000 -0.00000081 0.00000254
Cost of other inputs 0.00000257 0.00000795 0.32000000 0.74700000 -0.00001300 0.00001810
Land's value 0.00000015 0.00000028 0.55000000 0.58000000 -0.00000039 0.00000070
Type of region (central outside) East 0.43485480 0.31201560 1.39000000 0.16300000 -0.17668460 104639400
Northcentral 0.04043140 0.43030450 0.09000000 0.92500000 -0.80294990 0.88381280
northeast 0.11634950 0.27416150 0.42000000 0.67100000 -0.42099710 065369620
northwest 0.11603860 0.35082880 0.33000000 0.74100000 -0.57157310 0.80365040
north 0.28620110 0.36601510 0.78000000 0.43400000 -0.43117540 100357800
southeast 0.01290140 053331110 0.02000000 0.98100000 -1.03236900 1.05817200
Constant -0.24701360 0.26501300 -0.93000000 0.35100000 -0.76642960 0.27240240
N. Observations 189
Pseudo R2 0.14

Source: Authors” calculations. The estimation was made through a probit model.

Note: The variables of wages and cost of other inputs are expressed in Dominican currency, land’s value is
expressed in Dominican currency per ha of land and location take the value of 1 for the specified location and 0
otherwise.

C. Milk production

Dependent variable: Dummy for PATCA (=1 if treated by the program)

Independent variables Coefficient Std. Error z P>lz| 95% Conf. Interval
Wages 0.00000166 0.00000062 2.68000000 0.00700000 0.00000045 0.00000288
Cost of other inputs 0.00000754 0.00000683 1.10000000 0.26900000 -0.00000584 0.00002090
Land's value 0.00000014 0.00000012 1.18000000 0.23900000 -0.00000009 0.00000038
Type of region (central outside) East 1.35169100 0.25855090 5.23000000 000000000 0.84494090 1.85844200
Northcentral -0.26401580 041141790 -0.64000000 052100000 -1,07038000 054234840
northeast -0.11527120 0.29369160 -0.39000000 069500000 -0.69089620 046035390
northwest 0.16121700 0.22588970 0.71000000 047500000 -0.28151870 0.60395270
North 0.73253860 0.32149060 2.28000000 0.02300000 0.10242870 1.36264900
southeast 043022640 046809440 0.92000000 0.35800000 -0.48722190 1.34767500
Constant -0.35326130 021339230 -1.66000000 0.09800000 -0.77150250 006497990
N. Observations 297
Pseudo R2 0.134

Source: Authors” calculations. The estimation was made through a probit model.

Note: The variables of wages and cost of other inputs are expressed in Dominican currency, land’s value is
expressed in Dominican currency per ha of land and location take the value of 1 for the specified location and 0
otherwise.

Wages turned out to be a relevant determinant for program participation for the
case of crop growing and of milk production. In addition, crop growing, type of
cycle and type of crop were strong determinants as well. The predicted
propensity scores of each of these estimations in shown in Figure 3
differentiating by adopters and non-adopters of the technologies.
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Figure 3. Propensity score distribution for crop growing
A. Crop growing full sample
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B. Crop growing restricted sample
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For the case of crop growing although there are 846 observations in the probit
estimation, only 126 producers answered the questions for the outcome variables
that were analyzed. Therefore, the figure in panel A corresponds to the
propensity score of the 846 observations and the one in panel B to the 126
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producers that have information for the relevant outcomes. The results of this
exercise were similar when estimating the pscore with the full or restricted
sample, for this reason, we used the former given that it used all the available
information. In this sense, we estimate a full sample pscore and then match only
the 126 observations of the restricted sample. The pscore for breeding and milk
production are shown in Figure 4.

Figure 4. Propensity score distribution for breeding and milk production
A. Breeding
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The behavior of the predicted pscores that are showed in Figures 3 and 4
reinforces the hypothesis of similarity between the control and treatment groups.
Specifically, this is the case for crop growing and breeders.
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Assessing matching quality

As previously mentioned, the quality of the matching estimations relies on the
validity of the conditional independence assumption which basically guarantees
that the treatment and control group are as similar as possible. The basic test for
the quality of matching results is to compare the sample before and after
matching to identify if there are still differences between both groups. Table 7,
shows the mean test for treated and non-treated individuals using only the
observations that were matched (i.e. that were part of the common support). As
Rosenbaum and Rubin (1985) point out although before matching differences are
expected, afterwards the covariates should be balanced in both groups and no
differences should be found. This is precisely the case for the matched samples of
crop growing, breeding and milk production.

Table 7. T-test with matched sample
A. Crop growing

Treated Control p>It T-test
Farmer is owner of the land 0.88 0.95 0.19 -1.00
Farmer rents the land 0.10 0.05 0.30 1.04
Farmer is sharecropper 0.02 0.00 0.31 -1.06
Land's value 42386 51617 0.51 -0.65
Wages 100000 94002 0.30 1.04
Total expenditures in other input 130000 120000 0.48 0.48
Total cropped area 41.82 49.00 0.50 -0.68
Location Central region 0.10 0.15 0.42 -0.82
Location East region 0.03 0.00 0.15 1.43
Location Northcentral region 0.34 0.30 0.62 0.39
Location northeast region 0.08 0.18 0.11 -1.62
Location northwest region 0.23 0.20 0.51 0.62
Location north region 0.42 0.37 0.57 0.56
Location south region 0.12 0.14 0.79 -0.26
Location southeast region 0.12 0.10 0.77 0.29
Perennial cycle of crop 0.38 0.35 0.71 0.38
Short cycle of crop 0.62 0.65 0.71 -0.38
Type of crop: vegetables and tub 0.05 0.08 0.50 -0.68
Type of crop: rice 0.43 0.40 0.71 0.37
Type of crop: fruits 0.42 0.47 0.58 -0.55
Other type of crop 0.08 0.07 0.73 0.34

Source: Authors’ estimations. Note: * significant at 10%; **significant at 5%; and *** significant
at 1%. The dummy variable for owner of land is equal to 1 if the applicant was the owner of the
land and 0 otherwise; the variable farmer rents land is equal to 1 when the applicant rents the land
and O otherwise; the variable farmer is sharecropper is equal to 1 when the applicant is
sharecropper of the land and 0 otherwise; wages and total expenditures in other inputs are
expressed in Dominican currency; land’s value is expressed in Dominican currency per ha of land;
total cropped area is expressed in ha; and finally, the location and type of crop dummies take the
value of 1 for the specified location or type of crop and 0 otherwise.
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B. Breeding

Treated Control p>|t| T-test
Farmer is owner of the land 0.94737 0.98684 0.17 -1.36
Farmer rents the land 0.03947 0.01316 0.31 1.01
Farmer is sharecropper - - e -
Land's value 1.40E+05 1.20E+05 0.35 0.94
Wages 96053 90515 0.68 0.41
Total expenditures in other input  9401.7 7351.2 0.22 1.21
Location Central region 0.23457 0.27397 0.57 -0.56
Location East region 0.23684 0.28947 0.46 -0.73
Location Northcentral region 0.04938 0.05479 0.881 -0.15
Location northeast region 22222 0.24658 0.724 -0.35
Location northwest region 0.13158 0.15789 0.64 -0.46
Location north region 0.09211 0.06579 0.55 0.6
Location south region -—-- -—-- -—-- -—--
Location southeast region 0.03947 0.02632 0.65 0.45

Source: Authors’ estimations. Note: * significant at 10%; **significant at 5%; and *** significant
at 1%. The dummy variable for owner of land is equal to 1 if the applicant was the owner of the
land and 0 otherwise; the variable farmer rents land is equal to 1 when the applicant rents the land
and O otherwise; the variable farmer is sharecropper is equal to 1 when the applicant is
sharecropper of the land and 0 otherwise; wages and total expenditures in other inputs are
expressed in Dominican currency; and finally, the location and type of crop dummies take the value
of 1 for the specified location or type of crop and O otherwise.

C. Milk production

Treated Control p>|t] T-test
Farmer is owner of the land 9.76E-01 9.72E-01 0.81 0.23
Farmer rents the land 0.01765 0.02804 0.56 -0.58
Farmer is sharecropper --- --- --- ---
Land's value 200000 170000 0.65 0.45
Wages 130000 110000 0.185 1.34
Total expenditures in other inputs 8192.3 7412.3 0.55 0.59
Location Central region 0.12727 0.13939 0.74 -0.32
Location East region 2353 0.05607 0.15 -1.41
Location Northcentral region 0.02424 0.00606 0.17 1.35
Location northeast region 0.08485 0.05455 0.28 1.08
Location northwest region 0.24242 0.21212 0.51 0.66
Location north region 0.1 0.07477 0.47 0.71
Location south region --- - --- -
Location southeast region 0.02941 0.03738 0.71 -0.36

Source: Authors’ estimations. Note: * significant at 10%; **significant at 5%; and *** significant
at 1%. The dummy variable for owner of land is equal to 1 if the applicant was the owner of the
land and 0 otherwise; the variable farmer rents land is equal to 1 when the applicant rents the land
and 0 otherwise; the variable farmer is sharecropper is equal to 1 when the applicant is
sharecropper of the land and O otherwise; wages and total expenditures in other inputs are
expressed in Dominican currency; and finally, the location and type of crop dummies take the value
of 1 for the specified location or type of crop and O otherwise.
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Another test to asses the quality of the matching estimations is suggested by
Sianesi (2004). The author recommends re-estimating the probit model only with
the observations that were matched and compare the pseudo-R? with the one
obtained with all the observations. After matching there should be no systematic
differences in the distribution of covariates between treated and non-treated and
for this reason the pseudo-R? should be low?. Table 8 shows the change in this
statistic, confirming that it presents the expected behavior.

Table 8. Pseudo-R2 before and after matching

Unmatched Matched

Agriculture 0.156 0.036
Breeding 0.140 0.045
Milk production 0.134 0.090

Source: Authors’ estimations.
Results

The propensity matching estimator in its general form is given by equation
number (4). As Caliendo and Kopeinig (2005) point out all matching algorithms
contrast the outcome of a treated individual with outcomes of comparison group
members. However, they differ in the way that the control comparison for each
treatment individual is constructed. Taking into account the low number of
observations available and the way in which the control group was constructed
we chose to make the estimation through radius matching. This type of algorithm
uses not only the nearest neighbor within a tolerance level on the maximum
propensity score distance (caliper) but all of the comparison members within
each caliper. In this way, this method has two attractive features. First, it reduces
the risk of bad matches if the closest neighbor is far away, and second, it uses
more than one non-participant to match each treated individual reducing variance
(oversampling). However, the results presented are robust to the type of
algorithm used -excepting local linear matching.

In addition, the estimation was made for the observations in the common support
of the distribution, which means that it only included the range of the pscores in
which individuals have a positive probability of being adopter and non-adopter.
Table 9 presents the results of the estimations.

26 1t must reach values similar to zero.
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Table 9. Matching estimations

A. Crop growing

Observations (on common support) Mean Diff (treated-controls) S.E. T-Stat
Treated Controls Treated Controls
Productivity per unit of land cropped of rice 62 59 206.5 821 1244 65.7 1.89%**
Production value per unit of land of rice (reported by farmers) 62 59 $13,541 5,852 $7,689 3/510 216+
Production value per unit of land cropped - other producers (average market prices) 122 126 $14,488 $14,151 $337 7718 0437097
Production value per unit of land cropped- other producers (reported by farmers) 122 126 $14,286 $14,072 $214 504.2  0.424943

Source: Authors’ estimations. Note: The above were estimated using the algorithm of caliper in radius.
* Significant at 10%; **significant at 5%; and *** significant at 1%. Note: Definition of variables is made in section 3.3.

B. Breeding

Observations (on common support) Mean Diff (treated-controls) SE. T-Stat

Treated Controls Treated Controls
REI 59 58 0.30 0.26 0.04 0.03 1.4*
Average weight per head of cattle 76 72 5.24 4.45 0.80 0.32 2.5%*
Average value per head of cattle 52 48 $844,101 $832,561 11540.00 1142460 0.9
Source: Authors’ estimations. Note: The above were estimated using the algorithm of caliper in radius.
* Significant at 10%; **significant at 5%; and *** significant at 1%. Note: Definition of variables is made in section 3.3.

C. Milk production

Observations (on common support) Mean Diff (treated-controls) SE. T-Stat

Treated Controls Treated Controls
Average milk production 165 107 214.18 186.82 27.36 38.86 0.7
Value of average milk production 165 107 $2,889 $2,500 388.76 518.35 0.75

Source: Authors’ estimations. Note: The above were estimated using the algorithm of caliper in radius.
Significant at 10%; **significant at 5%; and *** significant at 1%. Note: Definition of variables is made in section 3.3.
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Our results show a positive impact of the implemented technologies in the
productivity of rice producers. Given that rice producers only implemented the
technology of land-leveling we can conclude that the impact of this technology
on rice producer’s productivity is positive for the case of the Dominican
Republic. This impact is reflected in an increase of the production value per unit
of land for rice producers that adopted the technologies. In fact the ratio of the
mean values of physical productivity and value sold of adopters and non-adopters
—which show the behavior of prices- is of 2.5 and 2.6, respectively. Given their
similarity we could infer that there was not effect of the program over rice prices,
which rules out the possibility of an effect over quality of this type of technology.

In addition, no impact of the technology was identified overall the group of crops
when all the other observations are included. This might be due to the fact that
some the four technologies implemented for crop growing -i.e. land-leveling,
implementation of new irrigation techniques, introduction of new tree species
and minimum plowing- may have different effects in the short run. For instance,
the introduction of new tree species may have a negative impact on productivity -
when defined as productivity per unit of land- while trees grow, whereas, the
impact of minimum plowing may be positive through an increment of natural
fertilizers on soil. Furthermore, the direction of the impact may vary as well
depending on the type of crop in which technologies are implemented.
Unfortunately, there is insufficient data to identify the specific effect of different
technologies in different types of crops.

For the case of breeding, we found a positive impact over the productivity for
average weight per head of cattle and for REI. Given that the only technology
that was implemented in the livestock sector was pasture conservation this result
indicates that this type of technology has a positive effect in the productivity of
breeders. The positive effect over weight average of cattle is presumably
explained through the effect that pasture conservation may have over the health
of cows or administering food in a more efficient manner. On the other hand, the
positive effect over REI seems controversial given that the direct impact of
pasture conservation over reproductive efficiency in the short run is less clear. In
addition, no evidence of an impact was identified for the average value per head
of cattle. This last result may be due to the fact that productivity shifts for
breeders may traduce in value in longer periods of time.

Finally, we found no evidence of an impact of the implementation of the
technology over the productivity or value sold for milk producers.

It must be clarified that the analysis performed was made for a typical year in
which the country was not affected by droughts or flooding that might have
affected agricultural production.
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CONCLUSIONS

This paper evaluates the direct impact of PATCA on technology adopter’s
productivity and value of production. The analysis relies on a survey made by the
CEU to 1,572 farmers and on qualitative evidences gathered in a series of
interviews with the CEU, the program’s beneficiaries, the technology providers
and other local stakeholders.

When we analyzed the structural logic of the program, we found that the program
ability of achieving its intended objectives could have been severely limited by
some inconsistencies between the design and operational rules. In particular, the
program was originally targeted to tackle the high poverty rate of the rural
population in the Dominican Republic. However, the eligibility criteria of the
program excluded all the farmers who could not demonstrate legal possession of
land. This meant excluding farmers located in around 40% of the country’s lands
and, most likely, the poorest share of the Dominican rural population.

When we evaluate the effectiveness of the program, we found that PATCA
effectively improved the productivity of rice producers and breeders. This
indicates that land-leveling and pasture conservation positively impacted
farmers’ productivity given these were the only technologies implemented in
these activities, respectively. For the case of rice croppers this impact was
traduced as well in an increase of income, whereas, this was not the case for
breeders. This last result may be explained by the fact that productivity shifts
may traduce in value in longer periods of time.

However, we did not find any significant evidence of a positive impact on the
producers of other crops and on milk producers. These heterogeneous impacts
could be due to the different level of effectiveness of the promoted technologies
in the short run and over different types of crops.

In addition, we did not find any clear evidence that the program had a significant
impact on the quality of production, since the size of the effects on the value of
production, if any, does not significantly differ from the effect on productivity.

These results suggest that future programs for technological implementation
support that may be formulated in the Dominican Republic should reevaluate the
effectiveness of minimum plowing, modernization of irrigation techniques and
introduction of new species. Furthermore, future programs should tackle the
problem of focalization that characterized PATCA by using other eligibility
requirements that do not exclude the poorest farmers of the agricultural sector.

Further research on this topic would require additional data and evaluation of
impacts in other dimensions (e.g. environmental effects or costs of production).
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In particular, the assessment of the heterogeneity of impacts could be expanded
by developing a more detailed analysis by type of products and characteristics of
the farmers. In the former case, the sample size should be significantly increased
in order to allow enough statistical power in each subsample of products. In the
latter, the dataset should be expanded by including a specific module on the
socioeconomic characteristics of the farmers.
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