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Abstract: Forest and landscape restoration (FLR) is a powerful strategy for large-scale tropical forest
recovery, and payment for ecosystem services (PES) is used to support FLR programs and projects on
privately-owned land. In this article, we discuss the lessons learned from the Water Producer Project,
a pioneer, multiple-stakeholder, and PES-supported FLR project in the Atlantic Forest, south-eastern
Brazil. The project was implemented in four landscapes located in two municipalities. Altogether,
41 PES contracts with landowners were signed, resulting in various FLR practices being implemented
in a total of 342.4 ha (64.2 ha for riparian forest restoration, 90.8 ha for soil conservation, and 187.4 for
forest conservation) of land, which represents 39% of the project goal. As of the end of the project,
only 50% (USD 49,250) of the available PES funds had been spent. However, funds spent on project
planning, implementation, communication, and monitoring were 12 times greater than those spent
on PES. Several challenges restricted the progress and monitoring of the project. The main issue
was landowner participation and/or engagement. In terms of lessons learned, we highlight that PES
schemes are more complex than initially thought, and that sufficient funding does not guarantee
the success of FLR projects. It is essential to promote landowner participation and engagement
by considering them key players in FLR projects. Finally, acceptance from landowners was higher
and implementation was easier for forest conservation practices that required no land-use changes.
Thus, we suggest that similar future projects should focus on targeting private properties in marginal
agricultural lands with a high probability of natural regeneration. Alternatively, future projects could
focus on lands with remnant forest cover of high conservation value.

Keywords: ecological restoration; landowner engagement; forest and landscape restoration; forest
restoration; payment for ecosystem services; tropical forest; water

1. Introduction

Forest and landscape restoration (FLR) is a balanced, large-scale approach that goes beyond the
goal of ecosystem restoration. While ecosystem restoration is the process of assisting the recovery of
an ecosystem that has been degraded, damaged, or destroyed [1], FLR is a planned process that aims
to regain ecological integrity and enhance human well-being in deforested or degraded landscapes [2].
Forest and landscape restoration is a powerful strategy for large-scale restoration, and is widely
advocated for in the agendas of global, national, and regional institutions working in tropical forests [3].

Payment for ecosystem services (PES) can support FLR programs and projects situated on
privately-owned land [4,5]. These schemes can increase landowner participation and improve
landowner livelihoods through putting a monetary value on the beneficial effects of FLR practices on
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the provision of ecosystem services. Both PES programs and FLR projects are expanding in the tropics,
with successful and unsuccessful forest restoration results being reported at the landscape level [6–8].

South America plays a major role in global tropical forest conservation and restoration [9,10].
Brazil, for instance, has established an ambitious national target of restoring 12 million hectares of
native vegetation by 2030 (Federal Decree No. 8972, 2017). The Atlantic Forest Restoration Pact
(PACTO) is as a collective, multi-sectorial effort to restore 15 million hectares of the threatened Atlantic
Forest biome [11], which is a global hotspot for biodiversity conservation [12] with less than 16% of its
original cover remaining [13]. PES schemes are also growing in prevalence Brazil, especially in the
Atlantic Forest [14]; the most degraded and most populous region in the country. Many PES projects
are being established through partnerships between local institutions and the national Water Producer
Program, created in the early 2000s by the National Water Agency with the goal of providing financial
incentives to rural landowners who adopt water and soil conservation practices [15].

The national Water Producer Program is based on the Brazilian National Policy on Water Resources
(Federal Law n. 9433/97). Currently, almost 20 years after its creation, the program has implemented
approximately 40 projects throughout Brazil, most of which are in the south-east [16]. These projects
are now increasing in relevance because of recurrent and recent water crises in Brazil. In 2013 and 2014,
an extreme drought resulted in a severe water crisis in the state of São Paulo [17,18]. Thus, examining
the challenges faced by and the lessons learned from water-related PES schemes has become urgent
and extremely relevant, given that they may be applicable to related water challenges such as climate
change and drinking water supply.

In this paper, we examine the Water Producer Project in the Piracicaba–Capivari–Jundiai Watershed
(“Produtor de Água no PCJ”, hereafter Water Producer/PCJ): a pioneer and local FLR project developed
in partnership with the national Water Producer Program implemented in two municipalities within
the Brazilian Atlantic Forest. The project took place from 2008 to 2015, and tested a PES scheme as
a strategy for implementing FLR practices and improving water-related ecosystem services at the
landscape level. Given the increasing interest in PES schemes and their effects on FLR implementation,
our objective was to describe the challenges faced by, and consequently the lessons learned from,
this pioneer case study. In addition, we discuss the possible implications of the lessons learned on
future FLR projects aiming to use PES schemes as tools for improving landowner participation and
FLR implementation in the tropics.

Following a logical order, we describe the project’s background (sites, goals, implementation,
monitoring, and outcomes) in Sections 2–4. Then, in the subsequent sections, we discuss the main
challenges faced by and the lessons learned from Water Producer/PCJ. Challenges and lessons
learned were listed primarily considering our own synthesis as managers directly involved in project
planning, implementation, and monitoring. Additionally, we consulted (1) the informal testimonies of
landowners, project partners, and technicians (e.g., Appendix A), and (2) project results described in
documents and papers [14,19–24].

2. Project Site, Structure, and Support

Water Producer/PCJ was developed in the municipalities of Joanópolis (22◦54.5′ S and 46◦10.6′ W)
and Nazaré Paulista (23◦13.9′ S and 46◦19.5′ S), both located in the state of São Paulo, south-eastern
Brazil. These municipalities include the Piracicaba, Capivari, and Jundiai (PCJ) watershed, which
feeds into the Cantareira water supply system (Figure 1). The Cantareira water supply system is a
set of five reservoirs that provides water for almost 15 million people in the São Paulo and Campinas
metropolitan regions [17,25]. Because of its importance as a water source, this region is the target
of many forest restoration programs aiming to improve water-related ecosystem services and water
security [20,26,27].

In 2007, at the beginning of the project, one landscape was selected per municipality. The project
began with the Cancan (Joanópolis 1141 ha, 55 properties) and Moinho (Nazaré Paulista, 1757 ha,
70 properties) sites, totaling 2898 ha and 125 properties. Because of low landowner participation,
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the area of the project was expanded during its early years, incorporating the Cachoeiras dos Pretos
(Joanópolis, 13,040 ha) and Cuiabá (Nazaré Paulista, 3825 ha) sites. Thus, the overall project involved
four landscapes in two municipalities, totaling 18,006 ha (Figure 1). These four areas were chosen for
the project because of the availability of biophysical data and satellite images, which also led to prior
government-funded projects in these areas. Due to the fact that a major goal of the project was to
increase provisioning of water-related ecosystem services, landscapes were delimited according to the
limits of the watershed. However, for the Cancan site in Joanópolis, only part of the watershed was
included in the project because the upper part of the watershed is located outside of the state of São
Paulo (Figure 1).Forests 2019, 10, x FOR PEER REVIEW 3 of 22 
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Nazaré Paulista are 11.9% and 20.9%, respectively [28], and this remaining forest is concentrated in 

Figure 1. Landscapes involved in the Water Producer Project, located in the Piracicaba, Capivari,
and Jundiai watershed, Atlantic Forest, Brazil.

All four landscapes are dominated by privately-owned small farms with low-intensity and
low-productive pastures. Complementary to pastures, there are Eucalyptus plantings, many small
recreational properties, and, at Joanópolis, crop plants such as potato and cherry tomato. A low level
of technology is a feature of most of the productive systems found in both municipalities. The regional
native vegetation is highly-diverse seasonal semideciduous forest, which occurs under a seasonal
climate, with rainfall concentrated in the summer (October–March) and a dry season in the winter
(April–September). Deforestation began centuries ago in both municipalities, and was driven by
diverse agricultural cycles. However, deforestation has almost ceased in recent decades, and all forest
remnants are protected by Brazilian Law n. 11,428 on the use and protection of the Atlantic Forest [28].
Currently, the native forests found in the landscapes are mostly secondary and degraded, and generally
demand restoration actions [13,29]. The native forest remaining at Joanópolis and Nazaré Paulista are
11.9% and 20.9%, respectively [28], and this remaining forest is concentrated in marginal agricultural
areas. Riparian areas in the landscapes have also been subjected to degradation, with forest buffers
missing along many watercourses (Figure 2A).
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Atlantic Forest, Brazil: (A) degraded riparian area; (B) native tree seedlings planted for forest restoration;
(C) infiltration holes to reduce rainwater runoff.

Discussions to create this project began in 2006 (Figure 3) through a formalized alliance of
The Nature Conservancy Brazil, the São Paulo State Environmental Secretariat, the São Paulo State
Agriculture and Supply Secretariat, and the Brazilian National Water Agency (ANA). The PCJ
Watershed Committee implemented a water use charge in 2007 (PCJ Joint Deliberation 048/2006).
According to Brazilian water resource national police (Federal Law n. 9433 from 1997), watershed
committees may implement water use charges, and the funding provided by these charges may be
used to improve green infrastructure within the watershed. Thus, the PCJ Watershed Committee
was involved in the discussion, which resulted in the creation of a PES scheme to support the project
with the PES funds coming from water use charges. The Nature Conservancy managed these funds
and executed the payments to landowners. As the project progressed, additional institutions became
partners, each one with a specific role, transforming this into a multiple-stakeholder project with
governmental and non-governmental institutions participating (Appendix B). Project partners created
a “management team” with representative members from all project partners. This management team
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met periodically to approve or reject implementation projects on individual properties and to discuss
project progress, challenges, and changes needed. There was no direct participation of landowners in
the management team.
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The objective of the project was to test the efficiency of PES to landowners as a strategy for the
implementation of FLR practices in a priority region for provisioning water-related ecosystem services.
In addition, the project aimed to implement FLR practices on 1258 ha of land, comprising: forest
conservation on 540 ha, forest restoration in riparian areas under permanent protection (areas protected
by Federal Law in Brazil—see [30] for details) on 208 ha, and soil conservation practices on 510 ha.
These practices were expected to have positive impacts on water quality and on the regularity of water
supply in the landscapes. While PES funds came from the PCJ Watershed Committee, the other partner
institutions funded the implementation and monitoring of the FLR practices, in addition to project
communication and monitoring.

PES payments to landowners were initially defined based on the opportunity costs of low-intensity
cattle ranching, which is the dominant productive system in both municipalities. However, PES
payments to landowners varied from USD 6.25 to 31.25 per hectare per year (Table 1). Variation was
added according to the categories of eligible activities (i.e., forest conservation, forest restoration, and
soil conservation) to foster both landowner participation and the provision of water-related ecosystem
services. Within forest conservation, PES values increased with the percentage of riparian permanently
protected area that was conserved or delivered for restoration within the property (the minimum
requirement was 15%), and was higher for medium or advanced than for early successional forests
(Table 1, Appendix C). For soil conservation, higher PES values were established for greater soil erosion
abatement (Table 1, Appendix C). Payment for ecosystem services payments dispensed during the
project totaled USD 98,812, comprising USD 50,625 for forest conservation, USD 19,500 for forest
restoration of riparian areas under permanent protection, and USD 28,687 for soil conservation practices.

Table 1. Values assigned for payment for ecosystem services payments to landowners for forest and
landscape restoration practices in the Water Producer Project in the Piracicaba, Capivari, and Jundiai
watershed, Atlantic Forest, Brazil. Variation within forest conservation was related to the percentage of
riparian permanently protected area that was forested or was delivered for restoration in the property,
while for soil conservation the variation was based on soil erosion abatement (%) provided by the
adopted practice. 1 USD = BRL 4 (November, 2019).

FLR Practice Payment for Ecosystem Service Value
(USD. ha−1. Year−1)

Forest restoration in areas under permanent
protection (APP) 31.25

Forest conservation: early successional forest 6.25–18.75
Forest conservation: medium to advanced

successional forest 10.5–31.25

Soil conservation 6.25–18.75
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3. Project Implementation and Monitoring

Prior to the start of the project, the landscapes were subjected to environmental and socioeconomic
studies (Figure 3). The environmental study focused on mapping the following: (1) current land-use,
(2) the limits of properties and, (3) areas that should be legally protected or restored according to the
Brazilian Forest Code (Federal Law n. 4771 from 1965, which lasted until 2012). The socioeconomic
study consisted of interviews with landowners to collect data on socioeconomic indicators, as well as
to understand landowners’ perceptions on environmental issues, expectations of FLR projects, and
awareness of PES and its related factors. The socioeconomic survey indicated that overall 42% of
landowners were (and 22–34% could be) interested in participating in a new project proposing changes
to their agricultural land-use [31]. Third-party institutions, hired by project partners, conducted the
environmental and socioeconomic studies.

Project implementation followed a sequence of steps from the identification of an interested
landowner to the release of the PES payments (Figure 4). There was a set of criteria for landowner
eligibility for the project and for practice implementation. These criteria were launched in 2009
(Figure 3) as part of a guideline reference document for participation in the project. This reference
document was expanded upon by project partners and was revised, simplified, and relaunched in
2011. The 2011 version was created with the aim of softening the participation criteria in order to
increase landowner participation, which was low at that time and was a barrier to the progress of
the project. To be eligible, landowners had to provide a set of personal documents and prove land
tenure or ownership. While this guaranteed that the public funds from the PCJ Watershed Committee
were really being delivered to the owners of the lands, it prevented some interested landowners from
participating in the project.

Once landowners had expressed an interest in participating in the project, project technicians
created a preliminary project unique to each property which included all FLR practices within the
project scope that were recommended for the property. This was called the “ideal” project. Then,
this ideal project was presented to the landowner, who was then able to decide which aspects and
practices he or she would like to implement, respecting two rules: (1) at least 15% of the permanently
protected riparian areas within the property were protected or delivered for forest restoration; and (2)
at least 25% of the proposed FLR practices had to be accepted. Once both parties agreed to the project
scope and the locations for FLR practices to be implemented, the project was redesigned and converted
into an implementation project. Then, personal and land tenure documents from the landowners were
provided and a three-year PES contract was signed between landowners and The Nature Conservancy,
the leading institution which legally received the PES funds from the PCJ Watershed Committee. After
the PES contracts were signed, FLR practices were implemented. Forest conservation, restoration,
and soil conservation practices were executed and funded entirely by project partners, except in cases
where landowners were interested in implementing specific soil conservation practices that were not
originally included in the list of practices funded by the project. This was rare and, in the majority of
cases, landowners received both PES and full FLR practice execution.

In general, the funded forest conservation practices consisted of fence-making and enrichment
planting with native trees, while for forest restoration, funded practices included assisting natural
regeneration and planting native tree seedlings in riparian areas (Figure 2B). Even though forest
fragments in the four landscapes were protected against deforestation by law, they were all eligible
for forest conservation practices because they were generally already degraded or under degradation,
therefore demanding restorative actions. For soil conservation, funded practices were designed to
reduce soil erosion, such as construction of terraces and rainwater infiltration holes (Figure 2C),
and implementation of no-till farming and tree planting. All practices were designated as eligible for
PES because of the positive impact they were expected to have on water-related ecosystem services,
and because improving the provision of water-related ecosystem services was the main goal of the project.

After FLR practices had commenced, technicians (project partners and Watershed Committee
members) visited the areas being worked on every six months to confirm that they were being protected



Forests 2019, 10, 1031 7 of 20

or that practices were still being adopted. Once practices were approved after monitoring, PES were
released to landowners (six payments, twice a year).
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in the Water Producer project, Piracicaba, Capivari, and Jundiai Watershed, Atlantic Forest, Brazil.
Modified from [24] (p. 41).

No baseline monitoring was carried out to evaluate the real benefits of the implemented
FLR practices in terms of improvements to water-related ecosystem services. Although project
partners extensively discussed hydrological monitoring during project planning, monitoring was only
implemented in 2013 in the Joanópolis municipality and in 2014 in the Nazaré Paulista municipality
(Figure 2). Hydrological monitoring was designed to evaluate qualitative and quantitative water
indicators at the watershed’s outlets, and to periodically collect water flow data in conserved
micro-watersheds (forest cover >80%) and in properties participating in the project. No monitoring
or surveying of landowners was done after the start or end of the project to measure landowner
perceptions or socioeconomic changes or to gain their opinions on the project.

4. Project Outcomes

The first pilot commenced in 2010, and the first PES was released in 2011, three years after the
formal start of the project. In 2011, 2012, and 2013, 7, 20, and 14 PES contracts, respectively, were
signed. This resulted in 41 PES contracts (Table 2) and the participation of 38 landowners (28 men,
nine women, and a company) in total.

At the end of the project (2015), only 50% (USD 49,250) of the funds initially available for PES
had been spent. In a survey with project partners, we estimated that around USD 600,000 was spent
by project partners on project planning, implementation, communication, and monitoring, which
represent a ratio of PES costs to other project costs of 1:12. Thus, while this shows that project partners
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were able to raise funds for practical implementation based on the funds available for PES, it also
demonstrates that PES-specific funds are just a small fraction of the total cost of a PES project such
as this.

Table 2. Number of properties (N) and areas of implementation for the FLR practices involved in the
Water Producer Project in the Joanópolis and Nazaré Paulista municipalities, Piracicaba, Capivari, and
Jundiai Watershed, Atlantic Forest, Brazil.

Practice Type Joanópolis Nazaré Paulista Total

N Area (ha) N Area (ha) N Area (ha)

Forest restoration in areas under
permanent protection (APP) 23 64.2 5 4 28 68.1

Forest conservation 28 187.4 11 134 39 321.4
Soil conservation practices 17 90.8 3 8.5 20 99.3

Total 29 342.4 12 146.5 41 488.9

Altogether, 489 ha of land were subjected to interventions by the project, which represents 39% of
the original goal and 2.7% of the combined area of the four landscapes. The original target area was not
achieved for any category of practice (i.e., forest conservation, forest restoration, or soil conservation)
eligible for PES (Figure 5). The number of PES contracts and the total area worked on by the project
were higher for forest conservation than for soil conservation and forest restoration, and this was
reflected in the fact that achievements were closer to the original goal for forest conservation than
for the other practices. Joanópolis had more than double the number of PES contracts and an area of
implementation that was almost twice as large as that of Nazaré Paulista.
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Figure 5. Achievements compared to the goals of the Water Producer Project, Piracicaba, Capivari, and
Jundiai Watershed, Atlantic Forest, Brazil, in terms of implementation area (number of hectares) and
PES funds spent. Percentages are achievements in relation to the original goal.

If forest conservation (no land-use change) is excluded, the project promoted land-use change on
167.4 ha (0.93% of the whole area) of land. This land-use change had a definite local impact on each
worked property and its landowners. However, overall, this result demonstrates that the percentage
of the landscapes that underwent land-use change was small. In addition, forest restoration was
implemented on just 68.1 ha, which represents 0.38% of the whole area of the landscapes, and is a small
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percentage in terms of landscapes changes. Biological integrity was not a project goal. However, even
if all forest restoration areas are considered to be successfully restored (an optimistic approach), this
would clearly not increase forest cover to 33%, which is the minimum amount of cover for biological
integrity at the landscape level [32]. Thus, at this rate of reforestation, it would probably take centuries
to reach the forest cover threshold for forest functioning in the studied landscapes [20], and even this
would likely be insufficient to increase forest connectivity, contrary to the results of other PES projects
in the Brazilian Atlantic Forest [27].

We considered that the project was successful at testing a PES scheme as a strategy for FLR
implementation. This project was the first to be implemented in the state of São Paulo that trialed
PES to rural landowners as a strategy for natural resource conservation and livelihood improvement.
Additionally, this was the first project to access water use charges from a watershed committee to
fund a PES scheme, and consequently, FLR implementation in Brazil. Despite the challenges faced,
we believe that this project has played an important role in paving the way for the use of Water Funds
to finance FLR in Brazil [8].

Several lessons were learned from Water Producer/PCJ that are currently informing the planning
and implementation of PES projects and policies in the state of São Paulo and in the Atlantic Forest.
For example, the state of São Paulo established its Climate Change Police in 2009 (State Law n. 13.798),
which included lessons from the first years of Water Producer/PCJ to define strategies for PES. However,
the amount of money available for PES was not all spent during the project, and the number of hectares
subjected to FLR practices was below the initially established goal. In addition, no data was collected
to confirm whether the implemented practices actually improved water supplies and other related
ecosystem services at the landscape level.

5. Challenges

Regarding implementation area, the project was partially successful because only part of the
initial target was achieved, and had to deal with many challenges that affected its progress, success,
and sustainability over time. Here, we divide the aforementioned challenges into three categories and
discuss how these challenges affected the project and, if applicable, we mention how these challenges
were addressed and the results of these actions. In many cases, the challenges were related to each other.
Then, in the following section, we discuss how these main challenges became lessons learned, and how
they are useful for those aiming to design and implement similar projects across tropical regions.

5.1. Social Challenges Impacting Landowner Participation and/or Engagement

1. Mistrust in a new project after a sequence of unsuccessful projects: It is hugely challenging to
change negative perceptions created from a history of unsatisfactory participation in funded
projects [24]. Landscapes were selected for participation in the project based on the fact
that government-funded initiatives had previously been attempted there. While this was
efficient—because a significant amount of data on the landscapes was available for project
planning—this selection also created a challenge because some of these previous projects did
not meet landowners’ expectations. In addition, many landowners recognized that some Water
Producer/PCJ partners had participated in these previous initiatives, decreasing their trust in the
project. We also noticed that, across the four landscapes, mistrust was sometimes related not
to unsatisfactory participation in a specific project, but to the wariness that some landowners
had towards the technical abilities and general capabilities of NGOs and official government
bodies. Finally, landowner wariness towards participation also arose due to the novelty of PES
schemes [6,24]. Landowners in all landscapes had not previously participated in PES projects.
Thus, the idea of receiving funds for conservation practices implemented on their land initially
stimulated suspicion regarding whether it was true or possible. To deal with these challenges,
project partners communicated and met with landowners frequently to explain project details.
While this was effective at convincing landowners that payments would be made for implemented
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conservation practices, most landowners were hesitant to participate until the first participants
had received their PES payments.

2. Short duration and uncertainty of renewal of PES contracts: PES contracts only lasted for three
years, and uncertainty over contract renewal posed a great challenge in terms of landowner
participation. Short duration of PES contracts was a particular challenge when FLR practices
required landowners to change from a productive land-use to forest restoration. In these cases,
landowners argued they would move from a free-chosen productive and profitable system to
a permanent system (forest restoration) which would generate income for them for just three
years. This was one of the reasons why fewer landowners accepted forest restoration practices
compared to other practices. Restrictions in the availability of funds limited the establishment of
long-term PES contracts. Furthermore, as mentioned previously, PES payments are just one small
component of the overall cost of projects like this, as the sustainability of FLR projects depends on
funds for project communication, monitoring, and FLR practice implementation. In fact, regular
funding and, consequently, long-term sustainability have previously been cited as challenges for
FLR implementation [24,26].

3. Low value of PES payments: PES payments were defined based on opportunity costs (Table 1),
which is common practice in PES scheme implementation [6]. Opportunity costs were based on
low-technology pastures, which was the most common land-use in all of the project’s landscapes.
However, other more profitable land-uses existing in the landscapes, such as the Eucalyptus
plantations that were expanding in the four landscapes at the time of project implementation,
were ignored in this process [24]. Since there was no option to change the PES values (see the next
challenge below), the low PES value became a challenge for landowner participation. Furthermore,
initial budgeting of PES payments did not take Brazilian inflation rates into account, and an
annual correction of 7% in PES values was only implemented after 2013. Since annual inflation
rates varied from 5.9% to 10.7% [33] during the project (2008 to 2015), this significantly reduced the
positive impacts of the PES payments over time and, consequently, decreased the attractiveness
of these payments to landowners.

4. Restrictions in the use and flexibility of funds available for the project: Water Producer/PCJ
was funded by water use charges from the PCJ Watershed Committee, as an application of the
users-pay principle, which was a pioneering and promissory strategy for funding PES projects at
the time [22]. However, the way that this was operationalized proved to be inefficient for the
project and for PES projects in general. Funds had to be received and managed by a third party
(i.e., funds did not go directly to landowners from the Watershed Committee), via a contract
signed between this third party and a Brazilian federal bank that outlined specific financing rules
for this contract. Once this contract was signed, resources could not be reallocated among funded
FLR practices, and PES values, contract duration, and project budget disbursement could not
change over time. Payment for ecosystem services was a novel approach for the region at the
time, and there was significant unpredictability in landowner participation and in the choice of
FLR practices. Thus, this lack of flexibility in the use of the PES funds was a barrier to addressing
the challenges identified as limitations at the beginning of the project, such as low PES values
and short duration of PES contracts. Consequently, this lack of flexibility directly contributed
to reduced landowner participation. We also identified biannual payments to landowners as
a limitation, as landowners argued for the monthly payments that were being used in the
neighboring “Conservador das Águas” project, located at Extrema-MG [19,26]. Project partners
also agreed that monthly payments could increase engagement. However, since there were
restrictions in place to prevent changes such as this, and the fact that monthly payments would
be more laborious to operationalize, payments were kept to twice a year. In short, this highlights
an important limitation of the project: These restrictions meant that adaptive management could
not be applied to improve program effectiveness. Positive examples overcoming this limitation
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have been practical field investigations with different contractual types that have been performed
in the USA and Germany [34].

5. No direct implementation at any level by landowners: Implementation of FLR practices was
funded and implemented entirely by project partners. On the one hand, this approach was
necessary, because it enabled landowners that could not afford to implement conservation practices
to join the project. Active forest restoration by planting native tree seedlings, for example, is
an expensive practice with costs of more than USD 5000 per hectare in low-resilience Atlantic
Forest patches [35]. Most landowners would not implement these practices without the financial
support of project partners. On the other hand, since landowners were not directly involved in
any of the FLR practices, they were not closely engaged in the project. This risked the quality of
the implemented practices, because landowners were not necessarily engaged enough to take
care of them on their own properties. Further, direct landowner engagement increases the feeling
of ownership, which is essential for the long-term sustainability of FLR projects [10,36]. Therefore,
we saw the lack of landowners’ responsibilities in practice implementation as a challenge that
negatively affected landowner engagement.

6. Institutional arrangements: Creating a multi-stakeholder project is favorable as it aggregates
the funds and competencies available for a FLR project [8,37]. However, the role that each
institution assumes may impose challenges on or favor the success of the project. For Water
Producer/PCJ, the fact that there was no single local leading institution working with landowners
and implementing practices was clearly a challenge that restricted participation and project
progress. The sharing of implementation practices among many partners was also a challenge,
because landowners were talking with different institutions, which they found confusing and
disliked. Comments heard from landowners were sometimes negative because of the fact that an
international NGO which they did not know of before the project was leading the process, and
because of the direct participation of the state environmental agency, which is responsible for
fines and punishments. Although these two institutions were crucial for project planning and
functioning [24], the perception from landowners was that they would prefer to work with a local
institution that is well-known to them. Finally, there was no direct participation of landowners in
the decision-making processes of the project, and decisions were made only by project partners in
regular meetings. Project partners noticed all of these issues, but it was still challenging to have
local institutions leading field activities and prospecting landowners. There were no technical
protocols established in the local institutions to coordinate these activities, and there were no
local companies trained to implement FLR practices. To address these issues, in 2012, Terra Roxa,
a non-profit organization employing local people, was hired to exclusively prospect landowners
and to plan all aspects of the technical projects. We believe this was crucial for the increases in
landowner participation and in the number of PES contracts observed in 2012 and 2013.

7. Land tenure issues: All of the landscapes were colonized centuries ago, during a time when
documentation to prove land tenure was incomparable to that required currently. Thus, in many
cases, absence of land tenure documents restricted landowner participation, as has been observed
in other PES and FLR projects [38]. Collecting and processing the long list of land tenure and
personal documents required for participation in the project took time. Additionally, project
partners did not want to risk paying those living on the lands without a legal title, given that the
funds for PES were public. This delay frequently created a time lag between the landowner’s
expression of interest and the implementation of FLR practices, which possibly negatively affected
the willingness of fellow landowners to participate. Over time, the land tenure documentation
required for participation was revised and simplified, but this was still a challenge up until the
end of the project, given the characteristics of the region.

8. Proximity to the “Conservador das Águas” Project: The “Conservador das Águas” Project
is a successful and well-known PES program for rural landowners in the municipality of
Extrema-MG [19,26], which is just few kilometers away from Joanópolis and Nazaré Paulista.
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This was initially a positive factor for Water Producer/PCJ, because landowners in Joanópolis
and Nazaré Paulista had heard positive feedback on a PES scheme in the region. However,
this proximity also raised comparisons between the two projects, and lead to the expectation of
landowners in Joanópolis and Nazaré Paulista that Water Producer/PCJ would be similar to the
“Conservador das Águas” project. Although both projects were working in biophysically and
socioeconomically similar landscapes, the projects were dissimilar in institutional arrangement,
source of funds, strategies for elaboration of PES contracts, and practice implementation [19,39]
and, consequently, in the results that they achieved [14,26]. For example, the “Conservador das
Águas” project was created, coordinated, and fully implemented by the municipal environmental
secretary, while Water Producer/PCJ lacked leadership from local institutions. Although not fully
explicable, the differences in outcomes between these two projects raise the question of how
invisible and frequently neglected components of the landscapes, such as the social relationships
between landowners and project partners, may be relevant for the overall implementation success
of FLR projects.

9. Changes to environmental laws in Brazil: The project was active during a period when discussions
over the Brazilian forest laws were occurring, which culminated in a change from the Forest Code
to the Native Vegetation Protection Law of Brazil in 2012 [30]. This new federal law changed the
amount of area in private rural properties that should be set aside for ecological restoration [30,40].
Clearly, this policy change negatively affected landowner participation in Water Producer/PCJ,
given that they were not disposed to reserve areas for forest restoration in their properties until
the new law was promulgated and the steps for its implementation by the Brazilian government
were established (actually, this is still under discussion in São Paulo state).

5.2. Technical Challenges for Implementation Practices and Progress

1. Nature of areas designated for forest restoration: A practical challenge for the implementation and
success of forest restoration practices in Water Producer/PCJ was the presence of many degraded
riparian areas subject to flooding. Restoration of seasonally flooded tropical forests remains
challenging [30,41]. There was high seedling mortality during flooding events [42], and there is
still a lack of effective techniques to perform forest restoration in these areas. This is a general
issue for tropical forest restoration, and thus it is not a problem specific to Water Producer/PCJ.
However, these difficulties negatively affected the progress of forest restoration practices, and
resulted in unsatisfactory results in some areas. Thus, it is worth considering these restrictions
prior to defining the goals and targets for forest restoration in a FLR project.

2. Absence of a local forest restoration supply chain: Even though there are many large forest
restoration projects and programs in the Brazilian Atlantic Forest [43,44], not all of its regions
have a well-established forest restoration supply chain. Neither local tree seedling nurseries nor
local institutions with the capacity to execute projects and implement forest conservation and
restoration were present in the landscapes at the beginning of the project. This shortcoming was
partially addressed by the project in 2012, when riparian forest restoration was initiated by a
regional NGO (Appendix B) which hired and trained local people to work in the forest restoration
chain. We believe this was an important step for the progress of the project practices, and that
this should be carefully considered when planning PES or FLR projects for a specific region.

5.3. Challenges in Making the Project Notable and Valuable

1. Absence of local hydrological monitoring: As with most of the water-related PES projects
implemented in Brazil [14,45] and other countries in Latin America [8,46], Water Producer/PCJ
started without baseline hydrological monitoring. When projects lack baseline data, calibration
and validation of complex ecohydrological models are needed to explore FLR effectiveness
through the simulation of scenarios [23]. The lack of a local hydrological monitoring system for
collecting data since the beginning of the project limits evidence of its effectiveness in reaching its
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goals. For instance, in 2013 and 2014, the Cantareira System experienced an extreme drought that
resulted in a severe water-crisis in São Paulo state [17,18]. During this water crisis, a unique field
investigation with hydrological monitoring was established at Cantareira’s headwaters where
PES projects had previously been set up [22]. Despite these 2013–2014 field campaigns addressing
freshwater quantity and quality, they were not able to link the results to FLR practices because
there was no previous hydrological monitoring data.

2. Complexity of hydrological monitoring to prove the effectiveness of FLR in terms of water
conservation: During the 2013–2014 water crisis, several public and private institutions
joined efforts to select Water Producer/PCJ sites for long-term hydrological monitoring. This
multi-stakeholder plan for hydrologic monitoring assumed that, if available, data from the Water
Producer/PCJ project would be a valuable example of how FLR practices and projects could
alleviate local water shortage crises [21]. Despite its importance, implementing hydrological
monitoring in FLR projects or in water-related PES schemes remains a challenge. First, whole
catchments are not always the limit of water-related project sites, as observed in one of the
landscapes in the Joanópolis municipality, where headwaters were outside of the area covered
by the project (Figure 1). In addition, there is usually a dispersion of FLR practices in the
landscape, and expected water quality and regularity of flow benefits are achieved at the local
scale (i.e., at small nested catchments), which may not be observed through monitoring at the
landscape level [47]. This was the case for Water Producer/PCJ. In these situations, monitoring has
to be done at the micro-watersheds where FLR practices are being implemented. Finally, water
yield is influenced by many factors, such as scale, climate variability and change, landowner
management practices, changes in Brazilian forest law, and other factors not controlled by the
project. Therefore, simulating land-use and forest cover scenarios for 1990, 2010, and 2035 has
introduced uncertainty as to the effectiveness of Water Producer/PCJ in terms of increasing water
yield at the landscape level [23].

3. Poor understanding of the length of time needed for positive changes: Some stakeholders and
funding institutions of Water Producer/PCJ did not realize that many FLR actions take a long
time to generate benefits at the landscape level. Forest restoration, for example, takes years to
reestablish forest cover and biodiversity and to provide ecosystem services [48,49]. It is also true
that PES are relatively new schemes, and consequently their results may take a longer time than
expected to appear because there are many new situations and setbacks in their implementation.
Although project partners recognized this, we highlight this should be better discussed prior to
the project start, with the aim of establishing real goals and expectations among stakeholders.

6. Conclusions

As conclusion we list below the lessons learned and their implications for future PES schemes
and FLR projects.

6.1. Having Funds Is Not a Guarantee of Success for FLR Projects

Water Producer/PCJ has showed us that having funds is not a guarantee of success in FLR projects.
During the course of Water Producer/PCJ, less than 50% of the funds initially available for the planned
activities were spent. Of course, funds are crucial for any FLR project, and the availability of regular
funds is particularly essential for long-term project sustainability [37,50]. However, as mentioned
above, many challenges can impose barriers to using these funds. For Water Producer/PCJ, we faced
strong limitations in terms of fund-use flexibility, and reallocation of funds among supported activities
was restricted because the model of contract signed with the funding agency (Brazilian federal bank)
was limiting in this regard and because the agency managing the contract also had no experience of
similar projects. Thus, we suggest that when planning similar projects (with similar funding sources),
fundraisers should always bear this in mind when planning activities, sourcing funding institutions,
and outlining funds usage. The project clearly demonstrated that water use charges are a potential
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source of funds for FLR projects. However, in this case study, it would have been better if we had
proposed general and realistic (conservative) goals for the funding agency instead of detailing activities
and creating specific goals for each FLR practice. Based on this, we have also learned that PES schemes
for rural landowners that implement FLR practices are more complex than initially thought. Payment
for ecosystem services is still a novelty for landowners, and this brings many challenges relating to
their participation [19], as we exposed above. Furthermore, no size fits all—each region may require a
specific approach to engage landowners, to fundraise, and to develop a successful project [8].

We also have learned that in PES schemes supporting implementation of FLR practices in rural
landscapes, funds for PES to landowners is just one small component of a project budget. Thus, we
recommend that those planning similar projects look beyond PES funds and obtain financial support
for project communication, monitoring, and, particularly, for the implementation of FLR practices.
Unless a project decides upon very high values for PES, the costs of implementation will be always
much higher than those needed for PES payments to landowners.

6.2. PES Schemes Are More Complex than Initially Thought, and PES Alone May Not Engage Landowners in a
FLR Project

Landowner participation was a great challenge for Water Producer/PCJ. From the 38 landowners
that participated in the project, we believe that many would participate in a FLR project even without
PES. This suggest that PES alone will not solve the problem of landowner participation, and that
it may not be the major factor affecting landowner participation in FLR projects [19,39,51]. Feeling
of ownership, past experiences, trust in the leading institution, and level of information given to
landowners about the project may count for more than PES in landowners’ decisions to participate
or not. Thus, these aspects have to be carefully examined when planning PES or FLR projects in a
given landscape.

We have learned that local institutions leading project implementation and prospection of
landowners is crucial. When local institutions are not available or are not trained to lead projects,
it is essential to capacitate a new local institution if necessary. Otherwise, long-term sustainability,
which depends on local institutions leading the process, is unlikely to be achieved. This also applies to
companies, NGOs, or people implementing FLR practices.

We found that, even when enrolled in the project, landowner engagement was generally low.
Many factors may have contributed to this behavior. A major consideration is that landowners
lacked a feeling of ownership because they did not participate in project decisions nor did they
have a role in implementing any of the FLR practices. Landowner participation in project planning
and decisions is essential; after all, projects are designed for them and have to be consistent with
their expectations and needs [29,52]. This can also be a challenge, because conflicts frequently arise
between landowners’ interests (usually focused on productive and profitable activities) and the natural
resource conservation goals that are demanded by project partners. We observed this conflict in
Water Producer/PCJ, reinforcing that balancing landowners’ expectations and ecological outcomes
is still a major challenge for FLR projects. However, social acceptance, ownership, and trust of local
organizations are major requirements for the improvement of similar projects in the future. Ways to
achieve this involve recognizing and balancing local needs and the perceptions of all partners in project
goals and functioning early on in the project.

When considering PES schemes in FLR projects, one alternative to increase landowner engagement
is to consider larger and more frequent PES payments to landowners. These values should not be
defined solely based on the opportunity costs of the most common productive land-uses in the
landscape. They should also include part of the costs for implementation. Alternatively, landowners
could be required to implement some of the FLR practices, such as fencing, planting trees, or adopting
their own soil conservation techniques, to be eligible for the PES. This requirement may increase their
engagement and personal investment in the project, especially for forest restoration practices, which
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tend to be less accepted by landowners because they are expensive practices that often require a change
from a productive to a non-profitable conservation land-use.

6.3. Acceptance Is Easier for Forest Conservation Practices Than It Is for Practices That Require Land-Use Change

Acceptance and implementation are easier for forest conservation practices that require no land-use
change than they are for forest restoration and soil conservation practices. A Brazilian Federal Law
(n.11248, from 2006) prohibits the conversion of remaining Atlantic Forest fragments to agricultural areas,
and there are restrictions in place to limit their use for economical exploitation of timber and non-timber
products [30]. Thus, landowners view PES for forest conservation as a form of financial compensation
in return for not using or cutting these forests. The same view does not apply when restoration
practices require landowners to change their land-use, especially when non-profitable land-uses are
proposed. Generally, practices that propose new land-uses are more expensive to implement than
forest conservation practices. The benefits of forest conservation may not be the same as the benefits of
restoration, and determining these benefits requires assessing the value of forest buffers through time,
as well as quantifying the likelihood that remaining forest would be cleared or degraded in the absence
of PES. However, based on the lessons we learned, we suggest that in landscapes where native forest is
still being degraded or threatened, PES schemes should primarily target forest conservation. Within
these landscapes, projects should focus on: (1) targeting private properties on marginal agricultural
lands with a high probability of natural regeneration success or other measures of forest recovery success,
where opportunity costs and costs for reestablishing forest are lower; and (2) targeting properties
with remnant forest cover with high conservation value. In both cases, PES schemes would only be
additional if current land uses are limiting natural forest regeneration potential or threating native forest
fragments. For the second target, the lesson learned was used by the São Paulo State environmental
agency in Brazil to implement a PES project paying landowners who converted their high conservation
value forest fragments into private reserves (state resolution n.89, from 2013). Until now, this project
has created 19 private reserves, protecting 3007 ha of high conservation value forests (reference—http:
//fflorestal.sp.gov.br/pagina-inicial/rppn/projeto-de-pagamento-por-servicos-ambientais-psa/).

6.4. Monitoring of the Ecosystem Services That Motivated the PES Scheme in FLR Projects Is Essential

Monitoring of restored or conserved hectares is essential to evaluate whether or not goals and
targets of the project are being achieved. However, in PES schemes and FLR projects, target outcomes
cannot be monitored by only monitoring the hectares where practices have been implemented. Specific
information collected should include early and periodical measures of livelihood indicators and
satisfaction of participant landowners. We highlight the importance of collecting baseline data and
monitoring as a way of identifying and addressing challenges for landowner participation early on
in the project. These are indicators that can further encourage the achievement of project restoration
and conservation goals. Moreover, it is essential to monitor the provision of the ecosystem services
that motivated the project. Otherwise, a project may fail in both evaluating its overall success and in
advertising its effectiveness to stakeholders and society. In the specific case of water-related ecosystem
services, we highlight the need to consider watersheds as landscape limits whenever possible. Moreover,
projects should have long-term hydrologic monitoring of quali-quantitative indicators. Ideally, at least
in pilot projects, long-term monitoring should cover between 30 and 50 years, as this time span is
needed to consolidate land-use and socio-economic changes. An important approach for both overall
and hydrological monitoring is participatory monitoring, which involves stakeholders collecting and
processing the data [53], and can increase landowner participation and long-term project sustainability.
Some hydrological monitoring methods, especially long-term automatic monitoring, are complex and
expensive, but a few low-cost methods could be utilized through the participatory monitoring. Some
indicators related to the water ecosystem services can be easily determined by landowners as citizen
gauges. For example, for water quantity, assuming that there is an updated rating curve (level versus
flow discharge) for the restored watershed, the landowners could measure the water level daily. Then,

http://fflorestal.sp.gov.br/pagina-inicial/rppn/projeto-de-pagamento-por-servicos-ambientais-psa/
http://fflorestal.sp.gov.br/pagina-inicial/rppn/projeto-de-pagamento-por-servicos-ambientais-psa/
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the specialists could obtain the discharges by interpolation of the level into the rating curve. In parallel,
the role of forests in the surface hydrology (water quality) can be assessed through adaptations of
rapid evaluation protocols applied at the watershed scale [54,55].

Finally, although we evaluated a single case study in Brazil, many of the challenges and lessons
learned described herein may be faced by FLR projects in other regions of the world. We advocate that
taking these issues into consideration during project planning could help to avoid the same mistakes,
and could improve the implementation of similar projects in the future.
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Appendix A

Interview held in Joanópolis-SP, Brazil on 04/16/2019, with a landowner that participated in the Water
Producer/PCJ project:

The interview was conducted with the owner of the Bela Vista farm, which participated in
the Water Producer/PCJ Project (nominated as “Intervention Catchment”) and is recognized for the
production of organic foods. The property of 363 ha has belonged to her family for four generations
and is used for cattle ranching (approximately 300 animals) and production of seeds and organic foods.
There are also three sites of older than 20 years old eucalyptus plantings. The landowner says there is a
native forest on the property, but she does not know its area. He also says that there are many springs,
but she does not know how many. In 2011, Water Producer/PCJ partners counted 14 springs in this
property. The water used in the property for the development of its economic activities comes from a
reservoir, supplied by waterbodies within the property.

When asked about water scarcity, she says that the amount of water has decreased greatly,
emphasizing the year 2014, when a water crisis increased water scarcity in the Cantareira System.
She says that in her childhood, she used to swim in the river near the property, but that today it is no
longer possible, since the river is shallow and narrow. This indicates erosion and silting processes,
as well as the water scarcity itself. Besides, she says that whenever there is a more intense precipitation,
there is flooding in her property and surroundings. However, both scarcity and flooding did not
affect her family business. When asked, she says she thinks that the shortage will worsen if no
action is taken, and that she thinks that garbage, deforestation and other factors are related to these
occurrences. She says she had never had problems with waterborne diseases, and complemented
saying “the water here is very pure”. Fifty years ago, the municipality of Joanópolis (SP) was supplied
with water from her property, but because the population grown (currently, Joanópolis has 12 thousand
inhabitants—http://joanopolis.sp.gov.br/portal-turistico/), the municipal government found another
source of water.

The farm does not use agrochemicals in its plantations and the owner says that the soil without
pesticides is healthier and produces with greater efficiency. She has no problems with pests and that
everything grows on the property. According to her, this is indicative of ecological balance in your
property. The landowner is concerned on the rural exodus and says that people leave the farms for the
city, but forget that the population living in cities needs food supplies from rural lands.

http://joanopolis.sp.gov.br/portal-turistico/
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When asked what could be done for avoiding suffer from hydrological and climatic extreme for
the next generations, she reported education and awareness are needed, as well as the benefits of
participating in river basin restoration projects such as the Water Producer/PCJ.

Appendix B

Table A1. Institutions participating in the Water Producer Project at the Piracicaba, Capivari, and
Jundiai Watershed, Atlantic Forest, Brazil.

Institution Type Start of
Participation Main Role

The Nature Conservancy (TNC) NGO -
international 2008

Management of PES funds and elaboration of
contracts; elaboration and implementation of forest
conservation (up to 2011)

São Paulo State Environmental
Secretariat (SMA-SP) Public - state 2008 Elaboration and implementation of forest restoration

(up to 2011)

State São Paulo State Agriculture
and Supply Secretariat (CATI) Public - state 2008 Elaboration of soil conservation projects (up to 2011);

prospection of landowners

Brazilian National Water Agency
(ANA)

Public -
national 2008 Support for project planning and execution;

implementation of hydrological monitoring

Extrema City Government - MG Public –
municipal 2008 Support for project planning; share of experiences

from the Conservador das Águas project

PCJ Watershed Committee and
PCJ Watershed Agency

(collegiate of stakeholders)

Foundation –
regional 2008 Funds for PES; properties monitoring to release PES

Nazaré Paulista City Government Public –
municipal 2010 Prospection of landowners

Joanópolis City Government Public –
municipal 2010 Prospection of landowners

Associação Mata Ciliar NGO - regional 2011 Implementation of soil conservation practices

World Wildlife Fund (WWF) NGO -
international 2011 Funds for elaboration and implementation of

technical projects from 2011 onwards

Banco do Brasil/Banco do Brasil
Foundation

Public
company/Public

foundation
2011 Funds for elaboration and implementation of

technical projects from 2011 onwards

Iniciativa Verde. NGO - regional 2012 Implementation of forest restoration from
2012 onwards

Appendix C

Table A2. Values for payment for ecosystem services (USD. ha-1. year-1) to landowners for forest
conservation practices in the Water Producer Project at the Piracicaba, Capivari, and Jundiai Watershed,
Atlantic Forest, Brazil. 1 USD = BRL 4 (November, 2019). APP: riparian areas of permanent protection
according to the Brazilian native vegetation protection law.

Forest Successional Status
Amount of the APP with Forest or Accepted for Restoration by the Project

15–30% 31–60% >60

Early successional forest 6.25 12.5 18.75
Medium to advanced

successional forest 10.5 20.75 31.25
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Table A3. Values for payment for ecosystem services to landowners for soil conservation practices in the
Water Producer Project at the PCJ Watershed, Atlantic Forest, Brazil. 1 USD = R$ 4 (November, 2019).

Soil Erosion Abatement for the Practice Value (USD. ha−1. Year−1)

25–50% 6.25
51–75% 12.5
>75% 18.75
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