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Abstract

Global population is expected to reach 9.7 billionon 2050(UN). This will requireincreasing food
production by approximately 70%. Therefore, the performance of agricultural production systems and
processes should be improved. The growing food demand anticipated for 2050is expected to increase
the impact of agricultural production on the environment (Davis et al., 2016). Consequently, robust
public policy frameworks will be required to oversee relevant environmental issues (Albright et al.,
2016).In this context, the concept of sustainable agricultural intensification has been adopted in the
last decade by the major international organizations (FAO, CGIAR, World Bank, etc).

Under these changing circumstances the organizational system around agriculture and food
production will face the challenge of designing and implementing robust policies aimed at promoting
sustainable intensification. From their side, R&D organizations are called to generate the knowledge
required to ensure the sustainability of production systems. The present study contributesto
understanding the interactiondynamics between agri-food research and public policy-makingin order
to strengthen sustainable intensification processes.

The methodological approach involved two main components: (i)a survey of public policies
promoting sustainable intensification in Uruguay, and (ii) an in-depth study of a single policy that
required intensive use of scientific knowledge as well as a fluent interaction between public research
organizations and policy-makers during the whole policy process. Particular attention was placed on
such interaction and the dynamics of the use of scientific knowledge as the basis of policy-making
processes.

The results showed an increasing implementation of policies intended to promote sustainable
agricultural intensification. Moreover, we founda marked trend towards the use of some types of
policy instruments, particularlyPublic Support Programs, Hence, there was small diversity of in
therange of policy instruments designed and implemented by policy-making organizations. Compared
to other studies, there is space for a greater use of other policy mechanisms such asdirected economic
incentives for the adoption of sustainable agricultural practices. The is a need for more coordinated
policy cycles involving greater interactionand common agendas between policy-makers and research
organizations. The identified policies address different dimensions of sustainability; greater attention
is required on freshwater use and conservation.

In addition, we found scarce knowledge generation intended to develop policy monitoring and
evaluation mechanisms, as well as to assessing the impact of production systems on natural resources
and their long-term sustainability.

Keywords: Sustainable Agriculture Intensification, Public Policy, Science-Based Policy

1. Introduction
Recent estimates suggest that global population would reach 9.7 billion by 2050 (United Nations,

2015). Moreover, increases in wages, quality of life and life expectancy of people globally result in
larger access to goods and services. These improvements in wellbeing are associated with increased
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demand for food, and particularly for protein sources.Meeting thisincreased demand will consequently
require a significant growth in global food production (estimated in 70 % by FAO, 2011).

The natural resource available to foster agricultural production is limited. Hence, most of the
increase in production should be achieved through a sustainable intensification of agriculture. This
involves the development and implementation of productions systems that while increasing
productivity also ensure the conservation of agro-ecosystems. Rising food production without an
expansion of cultivated area will surely require robust public policies to address environmental issues
such as soil conservation and greenhouse gas emissions in agriculture (Albright et al., 2016).

On the other hand, recent studies suggest that the projected rise in food production efficiency
would not be enough to satisfy the increased demand expected for 2050 without a negative impact on
the environment (Davis et al., 2016). Therefore, these authors suggest that public policies should also
promote changes in food consumption patterns towards “lower-impact diets” (Davis et al., 2016, p125)
as well as reductions in the amount of losses and waste throughout the production, commercialization
and distribution processes in food systems (Pretty & Bharucha, 2014).

Sustainable agricultural intensification (SAl) has been defined as a process through which
agricultural productivity is incremented without generating negative environmental impacts,
improving natural resources, social capital and nutritional security (Pretty & Bharucha, 2014), and
without expanding the cultivated area (Royal Society, 2009). SAI places special emphasis on
environmental aspects and impacts such as the emission of greenhouse gases, degradation of soils and
water sources, air quality, biodiversity, eco-system services and the conservation of natural capital
(Rosas & Buonomo, 2016;) Pretty & Bharucha, 2014; Petersen & Snapp, 2013). This definition
establishes goals for the process of sustainable intensification, but it does not provide any practical or
technological means to achieve them (Pretty & Bharucha, 2014). Hence, some scholars maintain that
SAI definition is still vague and subject to debate and (Petersen & Snapp, 2015; Rosas & Buonomo,
2016). This vagueness makes difficult the identification or definition of public policies that address the
sustainable intensification of agriculture.

The concept of sustainable agricultural intensification emerged in the 90's (Pretty, 1997).
Nevertheless,it was not until the publication of the report of the Royal Society in 2009, thatSAI began
to be broadly adopted as a guiding principle for policy-making. Therefore, during the last decade,
several organizations, international agreements and programs (NN.UU., FAO, CGIAR, etc.), national
governments, ministries of agriculture and public or private organizations involved in research,
generation of technology and/or agricultural development (Rosas& Buonomo, 2016) are directing their
policies and strategies towards sustainable intensification.

2. The Role of Public Policies and Research on Sustainable Intensification

The public-policy instruments and mechanisms most commonly used to support SAI include,
among others: promotion of best management practices; reduction of food waste (Pretty & Bharucha,
2014; Rosas & Buonomo, 2016); subsidies to practices that benefit the environment and “green
systems” (Matthews, 2013; Hodge et al., 2015; Silva et al., 2016; Hunter et al., 2017); payment to eco-
systemic services (Pretty & Bharucha, 2014); development of production chains and access to
differentiated markets and premium prices (Pretty & Bharucha, 2014).

Some countries have made efforts and achieved significant progress in promoting ‘greener
agendas’— e.g. China, Denmark, South Africa, South Korea (Pretty & Bharucha, 2014). Despite these
developments at the national and continental levels (Silva et al., 2016), most policy regimes at the
national and global levels continue to prioritize food production incentives, but still neglecting or
damaging natural capital (Pretty & Bharucha, 2014; Petersen & Snapp, 2015; Davis et al., 2016).
Some scholars criticize the IAS approach since the prevailing discourse lacks quantitative
environmental conservation goals. Whileemphasizing the urgency of significantly increasing
production, the same peremptory character is not given to the environmental challenges and
sustainability of production and food systems (Hunter et al., 2017). As a result, contrary to the
maintenance or reduction of environmental impacts proposed by the IAS approach, theaggregate
impacts are actuallynegative andincreasing in the last years (Hunter et al, 2017).
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Regarding the care of natural capital, the focus of public policy has been regulating certain
practices and/or preventing specific environmental problems, while incentives to ‘positive practices’
are rarely used (Pretty & Bharucha, 2014, p1589). Policies or instruments aimed at improving farmers’
income and conserving natural resources may eventually fail to meet their objectives due to changes in
market conditions that agriculture producers to maximize the use of resources (Pretty & Bharucha ,
2014), modify its allocation to different productive activities and, consequently, to an increase in
environmental impacts (Rosas & Buonomo, 2016). There is clearly a tension between policies that
promote environmental care and those that promote productivity gains. Therefore, there is a need for
greater understanding of dynamic models of interaction between public policies, market structure and
knowledge generation that allow the expansion of sustainable agricultural practices and production
systems (Pretty & Bharucha , 2014).

In the United States, agricultural subsidies and insurance schemes strongly promote production
while environmental requirements are scarce resulting in a poor protection of natural resources
againstpotential harms(Petersen & Snapp, 2015; Hunter et al., 2017). Due to the low political interest,
it has been very difficult in that country to change the orientation of subsidy and financing schemes
(which promote increases in production) towards a greater attention to environmental aspects
(Petersen & Snapp, 2015). The picture in the European Union (EU) is quite different. It has achieved
greater progress in implementing incentives to production systems that take care of natural resources.
The EU's environmental policy and Common Agricultural Policy (CAP) have regulated since the 70’s
the protection of animals and biodiversity, the creation of special protected areas and the maintenance
of natural habitats (Hodge et al., 2015). The CAP establishes ‘agro-environmental schemes’ (AES) as
a mechanism for producers’ compensation for the loss of income inherent in less intensive systems
and natural resource conservation practices (Batary et al., 2015). From the CAP reform of 2013,
subsidies to AES are being reduced. However, 30% of direct subsidies established by the CAP turned
to be conditional on the implementation of agricultural practices that favor the conservation and
sustainability of agro-ecosystems (Hodge et al., 2015).

Political leaders and policy-makers at local, national and international levels should play a
preeminent role in the generation of policy regimes (Geels, 2002) and more robust regulatory
frameworks that promote agri-food production systems that combine food supply with the care of
natural capital (Pretty & Bharucha, 2014; Petersen & Snapp, 2015). This could include the
development of price-correction instruments, for instance on agricultural inputs, so that they reflect the
true environmental cost from their use (Davis et a., 2016; Rosas & Buonomo, 2016). In addition, the
public sector must ensure the establishment of price signals and subsidies to products obtained through
the implementation of sustainable farming practices and systems (Pretty & Bharucha, 2014; Silva et
al., 2016). Other authors suggest the need for public policies that modify consumption patterns
through market-based solutions, so that prices can incorporate the environmental costs implicit in each
type of food (Davis et al., 2016). Likewise, a great challenge for the agencies that set up this sort of
policies will be to develop adequate monitoring and control capabilities in order to assess the
environmental impact of production systems, as well as sanction capabilities against violations of
these regulations (Rosas & Buonomo, 2016).

With regards to the contribution of research to sustainable intensification, the Royal Society
emphasizes the key role of R&D organizations in the consolidation of this approach (Royal Society,
2009). Particularly, great efforts will be required for the development of indicators to assess the impact
of different agricultural practices on the three dimensions of IAS: productive-economic, social and
environmental sustainability (Petersen & Snapp, 2015; Rosas & Buonomo, 2016). Moreover,
sinceSAI demands integrated or mixed systems that involve more complex management schemes,
research should also generate information on good practices that enable producers to develop the
abilities required to manage these complex systems (Rosas & Buonomo, 2016).

The public sector should not only fulfil a central role in the development and validation of
environmental and sustainability indicators, but also in the definition of quantifiable long-term goals
for those indicators, so as to allow monitoring and evaluating howagroecosystems are changing and
consequently make decisions to ensure their long-term sustainability (Neufeldt et al., 2013; Hunter et
al., 2017). For example, while many countries have proposed to reduce the carbon footprint per unit of
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product, there is evidence that the use of this indicator in isolation does not reflect the absolute
environmental impact; achieving that requires integrated indicators that also take into account, among
others, nutrient balance, loss of biodiversity, pesticides eco-toxicity andwater eutrophication by
nutrient enrichment(Picasso et al., 2014; Rosas & Buonomo, 2016). The definition of this type of
country-level goals is a prerequisite when accessing United Nations “green funds”that promote climate
change adaptation and mitigation (Silva et al., 2016; Fridahl & Linnér, 2015; Klein & Méhner, 2011).

To sum up, the organizational system around agricultureshould face the challenge of designing and
implementing robust policies and mechanisms to promote sustainable intensification, and to ensure an
effective balance among all three dimensions of sustainability: productive-economic, social and
environmental sustainability. R&D organizations are called to generate the knowledge and
technologies necessary to ensure the sustainability of the productive systems, as well as to generate
indicators to allow effectively characterizing all dimensions of sustainability and monitoring their
evolution, for example, in response to the implementation of public policy instruments. This highlights
the need for coordination and alignment among R&D organizations and thosein chargeof designing
public policies intended to promoteSAI. The development of shared agendas becomes a sine qua
noncondition for a long-termconsolidation of the SAI approach. Among other things, the present study
aims to contribute to discuss how to strengthen the linkage between agri-food research and the design
and implementation of public policies.

3. Conceptual Framework and Methodology

The methodological approach involved two main components: (i) a survey of public policies
promoting sustainable intensification in Uruguay, and (ii) an in-depth study of a single policy that
required intensive use of scientific knowledge as well as a fluent interaction between public research
organizations and policy-makers during the whole policy process. Particular attention was placed on
such interaction and the dynamics of the use of scientific knowledge as the basis of policy-making
processes.

The survey of policies was intended to identify the existing policies that currently promote or
comprise sustainable intensification guidelines. Public policies have been defined as a set of deliberate
decisions that define “‘a course of action or inaction”, the definition of its objectives and the means to
achieve them (Hill & Varone, 2017, p16 "). Through this survey we developed a standardized policy
database that describes the following attributes of each policy: (i) basic descriptive information (policy
name; the policy objectives; date when they have been enacted and implemented); (ii) the target
audience; (iii) the organization that was in charge of the policy design and implementation; (iv) the
type of policy instruments; (v) the dimensions or approaches to sustainability encompassed by each
policy (productive, economic, environmental, and/or social); (vi) the stakeholders who compelled to
put the policy problem on the public agenda; and finally (vii) intensity of the interaction and
contribution of public science to policy-making. This information was collected from secondary
sources (information available on websites, documents, institutional publications and previous
research) following methodological guidelines designed for this study.

All policies included in the survey are in effect regardless when they were designed and
implemented. The study does not attempt to provide a historical account of the policies, but a mapping
exercise for their characterization and current situation. The limits of the universe of SAI policies are
not clear-cut. Therefore, to the best of our knowledge, the set of policies identified through the survey
offers a comprehensive account of that policy universe. This is the first account and characterization of
sustainable intensification policies in Uruguay, their policy instruments, target population, as well as
of how public research has contributed to the policy design and implementation processes.

The survey portrays each policy from several dimensions. Hence, below we provide the conceptual
definition of the main dimensions and categories used to characterize them. First, the sustainability
approach identifies which dimensions of sustainability are actually addressed by the policy. These
dimensions may include: (i) productive-economic; (ii) environmental; and (iii) social. For a policy to
be included in this survey, it should address at least two of these dimensions. The infensity with which
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a policy addresses each of these dimensions was ranked using an interval variable that could take
value 0, 1, 2, or 3, corresponding respectively to nil, weak, medium or strong intensity *.

The type of policy instrument classifies each policy in: (i) certifications, (ii) subsidies; (iii)
infrastructure; (iv) public controls; (v) support programs; (vi) fiscal regulations; (vii) preferential
prices; and (viii) tax exemptions.

The policy driving forcesrefer to those actors or mechanisms that influenced the decision to
formulate and implement each policy. These drivers were standardized into the following categories:
(i) public opinion; (ii) international markets; (iii) government; (iv) agricultural producers; (v) large
enterprises of the agriculture sector; (vi) agriculture service firms; (vii) international agreements; (viii)
foreign governments; (ix) international law; (x) interest groups (NGOs, etc.); and (xi) certification
systems.

Finally, we also assessed the intensity of public R&D contribution to policy design and
implementation. We have argued that the design of SAI policies increasingly demands sound
contributions from public research organizations (Royal Society, 2009). Consequently, this study
attempted to identify those policies that required a more intensive use of scientific knowledge.
Moreover, in order to complement the policy survey, through a case-study approach, we conducted a
more detailed examination of the interaction between public research organizations and policy-makers
throughout the whole policy cycle (Kingdon, 1984; Hewlett et al., 2015).

A single sustainable intensification policy was selected as case study (Yin, 2003) in order to
perform an in-depth analysis of the policy-making process and its contribution to sustainable
intensification. For its selection we looked for a policy with significant impact on the productive
sector, and a case where public research had played a key role on policy design and implementation.
Following these criteria we selected the Uruguayan Soil conservation policy, and specifically its more
recent policy instrument called Soil Use and Management Plans.

The specific objectives of the case study were: (i) to identify factors that promoted setting the
policy problem in the public agenda, and triggered the subsequent design and implementation of the
selected policy; (ii) identify difficultiesthat SAI policies have faced in their different phases (problem
definition, design, implementation, evaluation); and (iii) analyze key driving forces and processes
underpinning the interaction between public research (scientific and technical capabilities) and policy
development and decision-making (SAI policy).

The conceptual framework and methodological guidelines developed for the case study were based
on extant literature that studies the policy process (Kingdon, 1984; Sabatier, 1991; Hewlett et al.,
2015; Hill & Varone, 2017; Sotirov & Memmler, 2012). In general terms, public policies go through a
cycle that involves the following stages or phases: (i) agenda setting; (ii) policy formulation (iii)
decision-making; (iv) implementation; and (v) policy evaluation (Howlett et al., 2015, 2016). This
framework provides an empirical tool to analyze, understand and explain change and evolution in
public policies. A complementary approach on public policy-making has been postulated by Sabatier
(1988; 1991). His approach places greater emphasis on the role of different actors and collective
actions as the drivers of the development, implementation and evolution of public policies (Hewlett et
al., 2016). By combining both, the stage-cycle and actors-driven approaches on the policy process, the
case study analyzed institutional, technical and stakeholder processes, playing singular attention to the
role and contribution of public research organizations throughout the different stages of the policy
process.

For the empirical implementation of the case study, in addition to a review of previous studies and
extant information, we conducted semi-structured interviews torecognized individuals from different
stakeholders involved in the policy-making cycle. Interviewees included people from: (i) government
agencies in charge of the design and implementation of policies; (ii) universities and research
institutes; and (iii) agriculture sector organizations. The findings from the policy survey and case study
are presented in the next section.
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4. Results and Discussion
4.1. Survey Results: Overview of Sustainable Intensification Policies in Uruguay
The survey resulted in a consolidated database of ten (10) policies that to some extent address

sustainable intensification dimensions. We first analyzed how the implementation of sustainable
intensification policies has evolved over time (Figure 1).
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Figurel.Evolution of Sustainable Intensification Policies

SAI policies had little development in the country until late 1990s. From year 2000 onwards, the
enactment and implementation of public policies for sustainable intensification (PPSI) showed a
significant increase. Similar trends have been observed at the international level (Rosas & Buonomo,
2016). The signature of Uruguay to international agreements passed in the 1990s such as the United
Nations Convention on Biological Diversity (CBD), the Framework Convention on Climate Change,
and the Kyoto Protocol triggered the enactment of local policies concerning sustainable development
goals mostly from 2000 onwards.

We then assessed how the different dimensions of sustainability are addressed by the surveyed
policies, using an interval measure of intensity. Figure 2 reflects the aggregate results for all surveyed
policies which point to the environmental and productive-economic dimensions as the main
approaches to sustainability promoted by Uruguayan policies. Less attention is paid to social factors
when designing SAI policies in Uruguay.

Sustainability dimensions: aggregated intensity of the policy approach
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Figure 2.Sustainability Approach
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Diverse environmental issues are addressed by SAI policies in Uruguay. These include, water, soil
and biodiversity use and conservation, renewable energies and greenhouse gas emissions. Four out of
ten policies address biodiversity issues, including the sustainable use and conservation of natural
grasslands, the conservation of native forests, the definition of biodiversity protected areas, and
regulations on the introduction of genetically modified organisms.

Turing to the type of policy instruments and intervention mechanisms employed by SAI policies,
the observed distribution (Figure 3) highlights that 42% involve support programs as intervention
approach, while public controls account for 21% of the total number of the instruments analyzed.
These figures are even higher (46 and 34 % respectively) if we only consider the policy instruments
designed by the Ministry of Agriculture and the Ministry of Environment. This evidences aprevalence
of classic policy instruments.

: Subsides
Public Controls 5%

(%21)

Certifications >
50, Support programs

(%42)

Infrastructure
16%

Tax exemptions
(%16)

Figure 3. Policy Instruments

On the other hand, mechanisms involving economic incentives such as subsidies, tax exemption or
preferential prices represent only 16% of the surveyed instruments. Among these instruments, we
found financial incentives to forest tree production, biofuels industry development, waterwaste
treatment and irrigation infrastructure, as well as to the adoption of sustainable agricultural practices
and technologies.Similar patternshave been seen at the international level, where incentives for
positive practices are seldom used (Pretty & Bharucha, 2014, p1589). However,some developed
countries make greater use of subsidies to the adoption of beneficial practices — compensating
economic losses intrinsic in those production systems thatensure environmental sustainability
(Matthews, 2013; Batary et al., 2015; Hodge et al., 2015; Hunter et al., 2017), as well as mechanisms
supportingdifferential prices and market development (Pretty & Bharucha, 2014).

With regards to the organizational structure that supports SAI policies, we examined the
involvement of different kinds of organizations in the design and implementation of each SAI policy
(Figure 4).As expected, the Ministry of Agriculture has participated in the design of almost all the
instruments implemented by SAI policies (13 out of 15 instruments), followed by the Ministry of
Environment and the Ministry of Economy, with 6 and 5 instruments respectively.
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Organizations Involved in the Design of Policy Instruments
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Ministry of Economy B Public Research Organizations

Figure 4. Policy Instruments Designed by each Organization

In addition, we analyzed the policy driving forces, namelythose actors or mechanisms that
influenced the decision to formulate and implement each policy. Figure 5 illustrates the aggregate
intensity (Al) of each driving force across all surveyed policies. It highlights that civil society, opinion
groups and NGOs with influence on the national Government exert the most salient force driving the
advent and implementations of SAI policies in Uruguay (Al = 27). Moreover, Uruguay’sinsertion in
the international context plays a highly relevant traction role: the aggregate driving intensity of foreign
government and international agreements, markets and regulations reach 21 points in the scale. On the
other hand, organizations form the agriculture primary sector exert also a significant driving intensity
(reaching 14 points in the Al scale).

80
70 B Government
60 B Farmers
50 . W Large arigultural firms
20 1 B [nternational regulations
B Foreign governments
LA F——— International agreements
20 International markets
10 B [nterest groups (NGOs, etc.)
. B Public opinion

Figure 5. Intensity of Policy Driving Forces

We now dig into the specific type of policies pulled by different groups of actors. Policies backed
by civil society agents pay greater attention to broader environmental concerns, to water, soil and
biodiversity conservation and food safety. Forces coming from the international context and markets
drive the development of similar policies as civil society but also embrace broader environmental
issues such as climate change, and renewable energies policies. Finally, stakeholder from the primary
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sector have influenced the development of policies that address the productive-economic dimension of
sustainability, such as sectoral promotion policies (husbandry and forestry), product differentiation
policies (integrated pest management), biofuel production incentives and regulations for the
introduction of GM plant varieties.

Concluding the SAI policy survey, we also assessed the intensity of the interaction between policy-
makers and R&D organizations during the design and implementation of eachSAI policy in
Uruguay.The increasing complexity of the environmental and sustainability constraints that need to be
faced demand robust solutions and evidence-based policy approaches. So having sound contributions
from public R&D organizations becomes a salient input and success factor in policy-making.We found
that 6 out of 10 surveyed policies required high or medium interaction with public R&D for their
design. The remaining four policies made small or none use of locally developed scientific evidence
since they were mostly the result of or adapted from foreign policy schemes.

In the next section, we deepen the analysis of the interaction between public R&D and policy-
making. Namely, we examine a single SAI policy as case study looking at the whole policy process.
When selecting the case, based on the survey results we looked for a policy that:(i) required a close
involvement of publicresearch organizations and a fluent interaction with policy makers; (ii)the
solution of the policy problem as well as the design and implementation of the policyinvolved
significant local research contributions; and (iii) there was a clear influence of agriculture producers as
drivers of the policy need and implementation.

4.2. Contribution of Public Research to Policy-Making: The Case of Soil Use, Management and
Conservation Policy in Uruguay

Following the criteria described in the previous section we selected, as our case study, a public SAI
policy enacted by the Law for use and conservation of soil and surface water for agricultural
purposes, in Uruguay.

The Uruguayan Ministry of Agriculture and Fisheries (MGAP) is the main actor involved in
regulating and promoting the use of natural resources for agricultural purposes. A law promulgated in
1968 in Uruguay declared of national interest the conservation of soils and waters. As a response to
agricultural intensification, in 2008 the MGAP passed new regulations for the technical
implementation of the Law in force, thus updating public soils policy. This regulation (decree 405/08)
is today referred to as Soils Use and Management Plans (SUMP).

The SUMPs are a public policy tool that establishes clear technical criteria so that crop production
systems in Uruguay do not exceed the tolerable use and erosion capacity of soils. This norm also
establishes sanction mechanisms if infringed and defines control responsibilities. The following
sections describe the conditions preceding the design and implementation of the Soils Use and
Management Plansas well as the instruments established to promote a sustainable soiluse.

As we presented in section 2, the conceptualapproach used splits the policy “cycle” in five phases
(Howlett et al., 2015, 2016):(i) agenda definition; (ii) policy formulation; (iii) decision making; (iv)
implementation; and (v) evaluation. Therefore, we examine below how the SUMP policy went
through these stages.

4.2.1. Agenda Definition

A relevant preceding soils erosion crisis took place in the 1950s, when the area cultivated with
wheat reached 1.6 million hectares (Interviewee 1) under continuous cropping and conventional tillage
systems (Ernst & Siri-Prieto, 2011). This event triggered a strong scientific research work that was the
basis of all subsequent soil policies. Since then, soil conservation has been prioritized by different
public actors and in particular by public research organizations (Interviewee 1).

Therefore, a relevant factor driving the historical evolution of soil conservation policyhas been
previous scientific evidence on soil erosion and the development of technological solutions to address
this problem.Hence, public R&D has led the construction of the policy problem as well as the
definition of the policy agenda. Such knowledge and technical solutions were transferred over time to
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producers and technical advisors that graduated in public R&D organizations. So, public R&D played
a key role in anticipating soil conservation problems. Scientific research and graduate training were
proactively oriented to the adaptation of an erosion estimation model and the development of
sustainable production systems so when the decision to implement the SUMPs policy was taken, the
model was adjusted and validated for Uruguayan conditions (Interviewee 1).

In 2001 the Universal Soil Loss Equation model (USLE/RUSLE) was already adapted and
validated in local soils as a result of collaborative efforts between the Faculty of Agronomy (FAgro-
UdelaR), MGAP and the National Agricultural Research Institute — INIA (Pérez-Bidegain et al.,
2018;Interviewee 1). Despite soil conservation problems were already identified, during long
periods,the institutional system did not offer effective planning and regulatory instruments on the use
and management of soil resources.

During the decade 2000-2010, market factors generated significant changes in land use in Uruguay,
demanding new adjustments in the regulations. Specifically, in response to the intensification of crops
production and particularly soybean, in 2008 MGAP passed Decree 405/08 in order to technically
implement the current law though the SUMPs instrument.

Having scientific information on the problem and its technical solutions were not enough for the
emergence of the new policy. Triggering the new soil use regulations involved a convergence of
multiple driving forces: (i) the expansion of soybean that tripled total cropping area of the country; (ii)
farmers concernsabout soil damage and productivity losses; (iii) community of technical advisors also
worried about soil deterioration; and (iv) realization of political will to tackle the identified problems
(Interviewee 2). The historical trajectory of this problem, the accumulated evidence on its causes and
technological solutions as well as theextensivestakeholder’sawareness resulted in a high willingness of
the primary sector to adopt the regulatory changes enacted in 2008 (Interviewees 1, 2, 3, 4, and 5).

4.2.2. Policy Formulation and Decision Making

During the analysis of policy alternatives, two policy approaches toregulate the use of soils were
considered within MGAP. One of the models considered was based on the control of good practices
and sanctions. Another alternative considered was the implementation of incentives based on
indicators of soil use capacity and productivity (Interviewees 2 and 3). Nevertheless, there were weak
previous knowledge and capabilities required to measure and monitor the application of incentive
instruments. So, despite there was plenty of scientific evidence to characterize soils conservation
problems and technological solutions, there were no specifictechnical developments for a proper
monitoring and evaluation of the impact of the policy. Therefore, based on the experience of other
countries, the control and sanctions approachwereselected (Interviewees 1 and 2).

4.2.3. Policy Implementation

The normative framework has two main components: (i) the mandatory requirement for crop
producers to present their Soil Use and Management Plans signed by a certified Agronomists; and (ii)
a control of actual soil use compliance with the crop rotations proposed in the SUMPs. Each SUMP
provides an estimateof erosion associated with the proposed crop rotation whichshould be lower that
the tolerable erosion limits defined by MGAP for different types of soils in the country.

Agronomists were trained and certifiedby the Faculty of Agronomy in order to technically assist
farmers in the formulation and presentation of theirSUMPs (Interviewee 2). The compliance control of
SUMPs is based on the analysis of actual soil use fromsatellite images. This is complementedwith
field visits when deviations are identified (Bidegain et To., 2018; Interviewee 1).

Based on scientific evidence, the SUMPs policy forcesfarmers to adopt practices, technologies and
production systems technically designed to prevent soil degradation while ensuring productivity and
economic sustainability.Despitemuch of this technological package was being adopted by farmers over
the years, the SUMPs made itmandatory. Another policy impact took place at the level of public
research organizations that were pushed to broaden their research agendas to new problems and
challenges resulting from the policy implementation such as the introduction of winter crops in the
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rotation. They were also required to workin a more coordinated waywith actors involved in the policy
design and implementation (Interviewee 6).

4.2.4. Policy Evaluation

The evaluation of the SUMPs policy that has been carried out by the MGAP, has focused on
assessing policy implementation. That is, it is monitoring indicators that reflect the degree of adoption
of the SUMPs by crop producers in Uruguay. These indicators include, among others, the number of
SUMPs presented by farmers, the agricultural land covered by the SUMPspresented and the
percentage of the total cultivated area covered by the SUMPs (Interviewee 2). The goal defined by the
MGAP was to have 100% of the area under crops covered by the SUMPs. This goal that has been
achieved almost entirely (Interviewee 2).

Based on the USLE model that was adapted to Uruguayan conditions, the application of SUMPs is
expected to significantly reduce the erosion generated by crop production, thus maintaining adequate
levels of soil health. However, it is still pending to implement mechanisms and indicators for
monitoring the actual level of erosion in soils under crop agriculture, their evolution over time, and to
assess if the erotion predictions of the USLE model are being accomplished (Interviewees 1, 2, 3 and
4). These indicators were not developed and there is no baseline information to develop them. Nor was
an impact study anticipated when the policy was formulated. This particular limitation results from
scientific research being strongly focused on the identification of soil conservation problems and the
design of their technological solutions but leaving unattended the development of soil health
monitoring systems and indicators (Interviewee 3).

5. Conclusions

The survey of SAI policies identified the instrument base, type of policies and driving forcesthat
havebeen generated in Uruguay to introducethe sustainability of agricultural production systems of as
a pillar of the country’s development.It represents a valuable resource to promote discussions and
long-term collaborative agendas among policy makers and research organizations in order to anticipate
policy problems that might require sound contributions from the scientific community.

There is a partial use of some types of policy instruments. Control mechanisms and support
programs appear as the most used. We found evidence that this imbalance could be partly due to a lack
of scientific progress in the development of monitoring and impact evaluation tools. These topics have
little development in the agendas of public research organizations in Uruguay. The evidence offered
by the survey seems to indicate that, in view of the growing implementation of policies promoting
sustainable intensification, there will be space to further diversify the spectrum of policy instruments
used, particularly towards a greater use of economic incentive mechanisms.

The case study allowed us to examine the interface between policy making and agricultural
research organizations. The role of public research in the development of SAI policies includes,
among others, the identification and characterization of technical problems;the generation of
technological solutions and recommendations of best agricultural practices that ensure the
sustainability of the production system; the development of models and tools to quantify the
environmental and economic impact of crop production systems; and the development of indicators
for impact assessment. Moreover, given the complexity ofassessing the different dimensions of
sustainability, R&D organizations must deepen their efforts in the development of indicators that
allow effective monitoring and evaluation of the impact of production systems on natural resources
and their long-term sustainability.

Both, the policy survey and the case study suggest the need to make further progress on capacity
building and research onthe assessment of how production systems impact the different dimensions of
sustainability, the generation of indicators for defining baselines and monitoring the outcomes from
policy implementation.

The results also suggest that the abruptintensification of crop production systems resulting from
changes in international markets, and the country compliance with international agreements and
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regulations, were the main forces that generated the political will to create and implement new public
SAI policies.
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'The authors cite also Heclo, 1972; Smith, 1976; and Jenkins, 1978.
? Intensity was ranked by the authors for each policy and dimension of sustainability. The resulting
rates where then validated with local and regional experts on public agricultural policies.
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