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ABSTRACT

ECONOMIC AND SPATIAL ASPECTS OF FOREST RESTORATION IN TROPICAL
AGRICULTURAL LANDSCAPES: EVALUATING LANDOWNER INCENTIVE
PROGRAMS IN THE ATLANTIC FOREST OF BRAZIL

Ryan Clark Richards, Ph.D.
George Mason University, 2017

Dissertation Director: Dr. Christopher J. Kennedy

This dissertation describes the state of forest restoration on private land in the Cantareira
region of Sdo Paulo state, Brazil, specifically the municipalities of Nazaré Paulista,
Piracaia, and Joanopolis. It includes separate analyses of forest restoration policies,
landowner preferences and perceptions regarding forest restoration, and trends in forest

regeneration in the region.

The Cantareira System is one of the largest drinking water reservoir systems in the world,
with the potential to supply water to approximately 10 million people in the Sdo Paulo
metropolitan area. The basin stretches across two states (Sdo Paulo and Minas Gerais)
and several municipalities inhabited by over 180,000 people, many of whom maintain
pasture where forests once grew. Recent droughts have raised concerns over land use and

water stress, as both water quantity and quality issues have arisen in the region.



The Cantareira System lies completely within the highly threatened Atlantic Forest, and
is valuable for conservation as a link between the Serra da Cantareira and Serra da
Mantiqueira mountains. Because of its importance to Sao Paulo and its ecological value,
government and civil society actors have piloted payments for watershed services (PWS)
programs here. These incentive programs encourage reforestation through direct
payments to landowners. However, there is little evidence that PWS incentives will

encourage forest restoration at spatial scales to positively affect watershed services.

In Chapter One, a policy review and data from a survey of landowners are used to
identify potential gaps between the incentives that have been offered in existing PWS
programs and the preferences of farmers who would likely be targeted by active forest
restoration efforts. The analysis suggests that the payments offered by many PWS
programs may not be sufficient for participation by landowners who are heavily
dependent on agriculture — the most likely target group for this type of program. In
addition, penalties set by other legislation, such as restrictions on formal credit for
farmers who are not in compliance with Brazilian land use law, may not affect these
farmers. This suggests that better incentive design is needed at the regional level to

encourage forest restoration.

Chapter Two uses discrete choice experiment methodology to elicit preferences for
PWS contract attributes and examine how these preferences relate with property and

household characteristics. Landowners show a preference for inclusion of in-kind



payments (in this case, fencing material) in lieu of cash-only payments. Varied
restoration levels reveal the importance of property-level characteristics to reforestation
decisions, which will likely confound enforcement of land use laws that target riparian
areas. Finally, a significant percentage (~20%) of the landowners opted for the status quo
in all choice situations. In some cases this was related to property characteristics, but also
reveals issues of trust in outside contracts that has potential to limit the success of PWS

programs.

Finally, Chapter Three uses land cover data from 1990, 2000, and 2010 to identify
trends in forest regeneration in the study municipalities. In addition to evaluating land
cover change at a municipal scale, data from the landowner survey and the Brazilian
CAR property registry are used to explore property-level dynamics. Analyses of land
cover change from 1990-2000 and 2000-2010 reveal distinct patterns, driven by the
expansion of eucalyptus plantations in the first period and transitions from pasture to
forest in the second. Distance to watercourses and forests are observed to have large,
positive effects on forest regeneration, while distance to urban areas have negative
effects. These broad influences affect regeneration at the property-level as well, but

regeneration is also observed to be more likely as property size increases.

A brief Conclusion summarizes the observations from the three chapters and considers
their relevance to conservation strategies in the Cantareira region and areas of future

research need.



CHAPTER ONE — CONSIDERING FARMER LAND USE DECISIONS IN
EFFORTS TO ‘SCALE UP’ PAYMENTS FOR WATERSHED SERVICES

Introduction

Payments for ecosystem services (PES) programs are a policy approach to
promote land uses that provide ecosystem services through payments to land managers by
ecosystem service users (Wunder 2005). This concept of direct payments is more
efficient than indirect approaches to shifting behavior, especially in situations where the
desired provision of an ecosystem service involves coordinating large numbers of
individuals (Ferraro and Kiss 2002). Watershed management is one field in which PES
has been welcomed, as downstream service users (e.g., public drinking water utilities or
hydroelectric power producers) often have a range of actors upstream that affect quality
and quantity of water supplies (Landell-Mills and Porra 2002). The appeal of payments
for watershed services (PWS) is reflected in the rapid emergence of programs over the
past 20 years. Ecosystem Marketplace, a Forest Trends program that tracks market-based
environmental programs, reports over 450 PES programs in operation solely to protect
watershed services, with transactions totaling over $25 billion (Bennett et al., 2013).

This rapid growth in the number of programs has raised concerns about
additionality — the outcomes of programs beyond what would have occurred in their
absence (Pattanayak et al, 2010). Research into this issue has primarily been conducted

ex post, frequently using experimental or quasi-experimental approaches to measure



impacts of PES programs on land cover or other variables (Arrigiada et al., 2012; Sills et
al. 2008; Robalino and Pfaff, 2013; Jayachandran et al. 2016). This has been useful,
helping such programs as Costa Rica’s national Pagos por Servicios Ambientales
program address issues with targeting and other opportunities for improvement (Pagiola,
2008).

However, these evaluation approaches are not available in every context in which
PES programs have operated. The scale of Costa Rica’s PES program lends itself to
quantitative evaluation using spatial data, and planning and partnerships were required to
apply randomization of treatments during the implementation of other programs for
evaluation purposes. Absent these conditions, other approaches are necessary to identify
opportunities to program design and implementation.

Here we describe the results of a research project on challenges and opportunities
for PWS to serve as a tool to increase forest cover on private land in the watersheds of the
Cantareira System in southeastern Brazil. The area is the source of a significant portion
of the drinking water for the Sdo Paulo metropolitan area, but agricultural activities, in
particular pasture for cattle, affect these resources and several PWS programs have been
implemented in the region. Several PWS programs have already been implemented in the
region, but they have experienced high startup costs and other challenges (The Nature
Conservancy-Brasil 2015; Kfouri and Favero 2011). Despite these challenges, there is
interest in expanding PWS efforts, and a clear need to identify and address potential

obstacles to wider landowner participation to secure additional environmental benefits.



We draw from the literature on PWS programs in Brazil to identify the structure
of contracts and incentives offered to landowners in the Cantareira watersheds. We then
use past research on land use and technology adoption by Brazilian cattle farmers, as well
as interviews with landowners and technical staff working in the Sdo Paulo portion of the
Cantareira System, to understand drivers of land use change on farms in the region. Using
the model of PES adoption proposed by Pagiola et al. (2005), we discuss factors that may
affect the additionality of future investments in PWS and lessons for development of this

type of program elsewhere in the world.

Methods
Study site description

The Cantareira System is a large reservoir complex used to store drinking water
for the Sdo Paulo metropolitan area — the largest urban agglomeration in South America
(Whately and Cunha 2007). The basins that drain into the reservoirs lie within the states
of Sao Paulo and Minas Gerais, covering roughly 230,000 hectares (Figure 1). The entire
system is located in the Atlantic Forest ecoregion, a biodiversity hotspot with globally
significant levels of plant and animal diversity and endemism (Myers et al. 2000) and
only 11-16% of its native vegetation cover (INPE and SOS Mata Atlantica 2015)). The
Cantareira System is a focal area for forest restoration by the Atlantic Forest Restoration
Pact (AFRP), which has a goal of restoring 15 million hectares of forest by 2050 (Melo et
al. 2013; Banks-Leite et al 2014).

The Atlantic Forest is also home to over 125 million people (IBGE 2016) and

produces roughly 70% of Brazilian GDP (Melo et al. 2013). Recent droughts have raised



concerns over the state of the Atlantic Forest and the impacts of deforestation and land
degradation on the drinking water and hydropower supplies that are critical to the
country’s economy (Nobre et al. 2016; Tafarello et al. 2016).

Although roughly 40% of the Cantareira region is still forested, native vegetation
cover is highly fragmented by agriculture. Pasture for cattle and eucalyptus plantations
are the dominant agricultural activities by land area, although some municipalities also
have high concentrations of greenhouses for vegetable and seed production (Sdo Paulo
State Agricultural Extension Service 2008). The total population of the three study
municipalities in Sdo Paulo state (Nazaré¢ Paulista, Piracaia, Joanopolis) was
approximately 53,208 individuals as of 2013 (IBGE 2016), with 1,882 landowners raising
cattle for dairy and beef during the last available state agricultural census (Sao Paulo
State Agricultural Extension Service 2008). The municipalities are all close to the Sdo
Paulo metropolitan area and accessible by major highways, which has resulted in
expansion of housing construction driven by urban demand. This combination of
agricultural activity and rural development in an important catchment has made the

region a priority for riparian restoration efforts, including PWS, to improve water quality.
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Figure 1. Map of the Cantareira System, including study municipalities

Review of policies affecting PWS in Brazil and of PWS programs in the
Cantareira region
Information on environmental legislation was gathered through a review of the

legislative history of Brazil and of several policy analyses published after the

promulgation of the Native Vegetation Protection Law, which replaced the Forest Code



in 2012 (Brancalion et al. 2016). Peer-reviewed publications were added through a
purposive sampling process, drawing from the authors’ libraries, discussions with
government officials in Brazil, and in-depth reviews of material maintained by
knowledge centers, in particular the World Bank. Additional information on PWS across
Brazil, and specifically within the Cantareira region, was gathered from peer-reviewed
literature, as well as grey literature on program development and implementation that is

available through PWS partner websites (see Appendix 1 for full reference list).

Literature review of drivers affecting land use and technology adoption by
cattle ranchers in Brazil

Following these interviews, a literature review was conducted to capture in
greater detail the issues affecting land use decisions by small-scale beef and dairy
producers typical of the Sdo Paulo portion of the Cantareira watersheds. Search terms on
the Brazilian cattle industry (Brazil AND agricultur®* AND cattle) were used to collect
articles published between January 2000 and April 2016 using the Web of Science
database. Initial searches returned 1390 publications, of which just 88 were related to
farmer decisions (the majority of the results reported on epidemiological and biological
research). Of these 88 articles, only 21 explicitly addressed issues (e.g., economic
factors) that affected land use. Additional references were drawn from the literature cited

by these articles, and from the authors’ personal libraries, for a total of 27 articles for

review (see Appendix 2).

Field assessments with farmers and agronomists
To understand the factors that may affect landowner participation in PWS, focus

groups on challenges facing those involved in agricultural production were conducted



with farmers in the Cantareira region as a part of pasture management courses run by a
Brazilian NGO (Instituto de Pesquisas Ecolégicas — IPE) during June and July 2015. Two
focus groups were held, with a total of 7 participants (see Appendix 3 for survey
questions). In order to augment the low number of participants, individual in-person and
Skype interviews were conducted with agricultural extension officials (N=4) working in
this region of Sdo Paulo state, and with individual farmers who had partnered with IPE on

past projects.

Individual interviews with farmers in the Cantareira
Data from the individual interviews with landowners and agronomists and the

literature review were complemented by survey data from 189 individual interviews with
landowners from September to November 2015. These data were collected in the study
municipalities of Nazaré Paulista, Piracaia, and Joandpolis, in each municipality’s rural
zones. To minimize bias in sample selection, researchers did not rely on existing social
networks or contacts to arrange interviews. Instead, landowners were approached during
neighborhood visits. Surveys lasted approximately 45 minutes and included questions on

household and property characteristics (see Appendix 4).

Results

Development of PWS in the Cantareira Region
There is a long history of environmental legislation in Brazil (Dean, 1997),

including some of the world’s first decrees to restore native forests and several iterations
of national land laws (referred to as the “Forest Code”) that mandate retention of areas of

native vegetation on private land. The current Native Vegetation Protection Law,



commonly referred to as the “New Forest Code”, is the primary major legal instrument
for addressing land degradation and promoting ecosystem services in Brazil.

The earliest version of this legislation (1934) was intended to secure fuelwood
reserves close to cities and industry and maintain ecosystem services mediated by native
vegetation in riparian buffers. The 1965 Forest Code mandated conservation and
restoration of riparian and other environmentally fragile areas, such as steep slopes and
mountaintops (Brancalion et al. 2016). These land use mandates were categorized as
either Legal Reserves (LR), (i.e., a minimum percentage of farm area to be maintained
with native vegetation) or as Areas of Permanent Preservation (APP), (i.e.,
environmentally fragile areas that must be protected) in addition to LR. Landowners are
required to conserve or restore native vegetation on portions of their property categorized
as LR and/or APP or face legal repercussions.'

Historically, the enforcement of the Forest Code has been weak, due in part to
gaps in legal instruments (see Hirakuri, 2003) and enforcement capacity (e.g., monitoring
compliance and subsequent administration of fines) (Sparovek et al., 2012; Hirakuri,
2003). For larger landowners and businesses, enforcement has become more frequent as
the Environmental Crimes Law (Lei n°9605/1998) and public pressure and attention has
increased. The 2012 law has sought to improve compliance for smaller landowners
through the introduction of a rural land registration system (CAR), mandatory for rural

properties, that includes spatial data for a property including its environmental

" The relative sizes of the Legal Reserve and Area of Permanent Protection vary by ecoregion and
characteristics of an individual property. A good summary of these requirements can be found in
the supplementary material of Soares-Filho et al., 2014, in Garcia et al., 2013, and Brancalion et
al. 2016.



information (Garcia et al., 2013). Enrollment is being coordinated by the environmental
secretariat in each municipality, and registration closes in May 2017. However,
restoration costs remain a major obstacle for many landowners (Pinto et al., 2014). On a
per-hectare basis, seedlings and maintenance can cost roughly R$17,000/hectare
(US$4,800/ha) in the Cantareira region,” which is higher than upfront investments for
most agricultural products.

Payments for ecosystem services have been proposed as a means to foster legal
compliance by small- and medium-sized landholdings through reductions in compliance
costs, and to date several PWS programs have been implemented in the Brazilian Atlantic
Forest, ranging in scale from watershed sub-basins to states (Brancalion et al., 2012;
Pagiola et al. 2013; Banks-Leite et al., 2014). The new Forest Code includes a chapter —
the Program for Environmental Compliance (Programa de Regulariza¢do Ambiental —
PRA) on financial incentives for restoration, with an emphasis on payment programs
(Packer, 2015; Garcia et al., 2013). This chapter, in conjunction with other environmental
legislation, enables development of PES contracts with landowners who have registered
in the CAR.

Funding for PES for restoration can originate from a range of sources. The
National Water Law of 1997 established a framework to facilitate creation of watershed
committees to manage water resources (Veiga and Magrini, 2013). This framework

recognizes water as a public good, which users must compensate producers for, and notes

? Conversion used the USD-BRL exchange rate as of 4 June 2016. Cost estimates are from the
Insituto de Pesquisas Ecolégicas (IPE, Ecological Research Institute), a Brazilian NGO that owns
a nursery and works with landowners on restoration projects in the Atlantic Forest, and include
material and labor for both planting and 3 years of site maintenance to improve survival.



that user fees should be used to protect water sources. Each watershed committee is
comprised of government representatives (either state or federal, depending on the
jurisdiction for a given river), civil society representatives, and stakeholders, such as
landowners and water users. These committees collectively decide how to (i) allocate
water; (i1) implement new development projects; (iii) arbitrate conflicts among
stakeholders; and (iv) impose pollution control restrictions (Porto and Kelman, 2000).
National level actors still exert heavy influence on water management, and these
committees provide a voice for local actors in project management and implementation.
To date, three committees in the state of Sdo Paulo already collect usage fees — Paraiba
do Sul, Sorocaba/mid-Tieté, Piracicaba-Capivari-Jundiai — which have been used in part

to support pilot PWS (Padovezi et al., 2012).

PWS programs in the Cantareira
The Cantareira Region has been the focus of the earliest efforts to develop PWS

in Brazil, and four programs have been implemented within the watersheds. These
include the municipal Water Conservator (Conservador das Aguas) program in Extrema,
Minas Gerais, the Water Producer (Produtor de Agua) program in the Piracicaba-
Capivari-Jundiai watersheds, the state-level Water Mine (Mina d’Agua) program in Sdo

Paulo state, and the state-level Green Bag (Bolsa Verde) program in Minas Gerais (Table

1).
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Table 1. Attributes of PWS within the Cantareira System
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The development of PWS in Brazil was initiated in 2001, when the National
Water Agency (ANA) developed a country-wide Water Producer program (Produtor de
Agua) to support incentives for sustainable land use and restoration by watershed

4
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committees (Pereira et al., 2010). The initial task for the program was the development of
legal and administrative frameworks to propose financial incentives to improve land use,
and demonstrate their practicality in a field setting (Padovezi et al., 2012; Agéncia
Nacional de Aguas, 2011).

Following the creation of the conceptual frameworks, pilot Water Producer
projects were developed in several municipalities. The first of these was the Water
Conservator (Conservador das Aguas) program in Extrema. Launched in 2005, contracts
were first implemented in one small basin (Posses) in the municipality in 2007 (Pereira et
al. 2010). The program expanded to an additional basin (Salto) in 2009 and as of 2015
has produced contracts with 53 landowners that have resulted in a 60% increase in forest
cover in the program areas (Richards et al. 2015).

A second project was launched in the Sao Paulo state portion of the Cantareira
System, called the Water Producer — Piracicaba-Capivari-Jundiai program (Produtor de
Agua — Piracicaba-Capivari-Jundiai, or PAA-PCJ). Planned in 2005, the PCJ watershed
committee secured fees to finance pilot PAA-PCJ contracts with landowners, beginning in
2009 (Padovezi et al., 2012). Two subwatersheds in the Cantareira System were selected
for the PdA-PCJ project, in the municipalities of Nazaré Paulista and Joandpolis. The
Moinho (Nazaré Paulista) and Cancd (Joanopolis) microbasins collectively cover
4,212ha, and as of 2016 320 hectares had been enrolled in the PAA-PCJ program as part
of over 40 contracts (Tafarello et al. 2016).

The state of Sdo Paulo advanced its commitment to PWS through its 2009 State

Climate Change Policy (PEMC — Politica Estadual de Mudangas Climaticas). In 2010,
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the Sao Paulo Environment Secretariat adopted Resolution No. 61, building on a series of
riparian restoration and sustainable land use programs to create a framework for PWS to
conserve or restore springs that supply drinking water (Pagiola et al., 2013).
Implementation began in 2010 with the development of municipal legislation enabling
financial transfers from public entities to private landowners. This enabled the first round
of contracts with five landowners in Piracaia in 2012 (von Glehn, 2012; Sao Paulo
Environment Secretariat, 2015).

The government of Minas Gerais created its own PES program in 2008, with a
focus on restoration of riparian areas to improve water supplies and improve connectivity
for biodiversity (de Oliveira et al., 2013). Small agricultural operations are the priority
audience for participation in the Green Bag (Bolsa Verde) program, in particular family
farms and properties of less than 4 ‘fiscal modules’ (Santos et al. 2012). Enrollment
proposals may be submitted by property owners individually or in groups, and are
awarded based on point scores that consider current levels of forest cover on a property,
existing conservation activities, agricultural practices, and other socioeconomic factors.”
As a statewide program, the enrollment in this program is much larger than the other
programs in the Cantareira (Pagiola et al. 2013), but the majority of the enrolled areas are

elsewhere in the state.

? A fiscal module is measured in land area and comprised the minimum area needed to be under
agricultural production to support a family using the dominant crop/livestock type in a given
municipality. As a result there can be high levels of variation in the size of a fiscal module across
states and regions.

* For a full scorecard, see de Oliveira et al. (2013), p. 149.
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Details of enrollment requirements and contract incentives offered by the PWS
programs are described in Table 2. All contracts had relatively short lengths (2-5 years)
and provided both legal and technical assistance to the participating landowners.
Payments varied in their complexity, ranging from Extrema’s CdA program paying
landowners a fixed rate for every hectare of an enrolled property to the more complicated
formulas of the Water Mine (Mina d’Agua) program to calculate per-hectare payments
for specific management actions. In each program, civil society organizations and other
groups were involved in design and implementation activities to assist landowners in
conducting PWS practices. All programs shared common requirements, such as legal
documentation, to enter into contracts, but several restricted eligibility based on
agricultural practices or farm size. This targeted the types of landowners that were

unlikely to maintain forest on their property without some form of support.

Table 2. Enrollment requirements and contract features for PWS in the Cantareira System.

Eligibility

; Enrollment requirements Contract length Payments
requirement

Set using 3 factors:
1) Relative use of soil conservation practices
(25-50/50-75/75-100% of recommended),

. *  Minimum portion of APP must RS25-75 per halyr.
%dlmdc Agua - be forested 3 years 2) Riparian forest restoration (2 classes) with
* Legal documentation of property cither RS83 or 125 per ha/yr.

3) Conservation of riparian forest, with payment
by the class of forest and engagement of
landowner, RS43-125 per ha/yr.

¢ >2 hectares
Conscrvador das * Landowner must reside on \ Fixed payment of RS$176/ha/yr (opportunity cost
R 4 years, /ab! 3
Aguas property years, renewable of pasture)

*  Legal documentation of property

Based on a reference value with a maximum of

¢ Family farms only .
Ly frms oy . RS150/ha and the following formula:
) *  Active agricultural practices
Mina d’Agua ¢ Legal documentation of property 2-5 years
*  Owner may not be in arrears to Payment = 0.2Ver x (protection factor) x
the state (importance factor)'
< 4 fiscal modules
Bolsa Verde * Landowner must reside on 5 years RS2UO."1:|@';;;(for ‘both the conservation and
property restoration of native vegetation)

* Legal documentation of property

14



Literature on behavior of cattle producers in Brazil
Literature in agricultural economics and international development identifies a

range of factors affecting production and land use (Mendola, 2007). Economic issues,
such as distance to markets, infrastructure, price fluctuations, technology adoption, credit
access, and labor constraints, affect production potential. In addition, social, political, and
cultural factors, including trust in institutions, education, and social networks, interact
with each other and with economic factors to influence land use decisions.

Brazilian cattle production is generally characterized by relatively low per hectare
stocking rates, and the potential for intensification is considered an opportunity to create
space for large-scale forest restoration (Latawiec et al., 2015). However, both dairy and
beef production require significant upfront investment in livestock and infrastructure, and
sensitivity to these costs varies with household and property characteristics. For example,
Haddade et al. (2005) modeled profitability of intensive pasture management (e.g.,
rotational grazing) for dairy production, and found it to be highly sensitive to fluctuation
in prices for milk and production inputs, leading to high risks of losses that may be
unacceptable for some landowners. Mendes (2006) observed that ear tagging, a
monitoring tool, was adopted mainly by large landowners in Santa Catarina state, which
was attributed to the high cost of the system and financial restrictions faced by smaller
operations. In Extrema, many enrollees in Conservador das Aguas are retired, and

conducting only limited agricultural operations as they draw pensions (Richards et al.,
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2015). This may, in addition to the larger PWS payments offered through the program,
make management practices required by PWS more tolerable for participants.

Policies to improve credit access for smaller agricultural operations are relatively
recent, with a historical focus on large-scale agriculture (Carrer et al. 2013). PRONAF, a
government support program that extends credit to family farmers® for infrastructure,
technology, and market access (e.g., the creation of cooperatives), has yet to achieve
broad impacts on production for smallholders, including investments in on-farm milk
cooling equipment or other infrastructure that would aid farmers in improved their
outputs (Guanziroli et al., 2013). Barbosa et al. (2013) find that access to credit is a
significant factor affecting returns to scale in a review of agricultural efficiency
throughout Brazil. Merry et al. (2004) notes that farmers in the Brazilian Amazon
frequently used informal contracts instead of formal credit to establish cattle herds,
despite the fact that small ranchers typically lost money and bore most of the risk.

The 2007/2008 Agricultural Census in the state of Sdo Paulo (referred to as
LUPA in Portuguese), reports only 15.38% of agricultural producers using rural credit
programs (Sao Paulo State Agricultural Extension Service 2008). Considering credit
usage at this scale includes large agricultural operations producing sugarcane or cattle,
which are common in the interior of Sdo Paulo state. Selecting data only from the three
municipalities that cover the majority of the S3o Paulo portion of the Cantareira
watersheds reveals that only 4.3% of the landowners involved in agricultural activities

reported usage of rural credit programs. This does not include informal credit and may be

> “Family farmer” is an official classification, defined by the Brazilian government using property
size, on-farm labor, and household dependence on agricultural income.
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confounded by the smaller size of operations in the region, but suggests that barriers to
usage of credit remain.

Labor constraints also have a strong effect on cattle production at different scales.
Many family farms depend on labor from the household or from extended family, with
farm managers and additional permanent workers only present on larger operations
(Hostiou et al., 2015). The quantity and capacity of available labor affects production
costs, as many efficiency measures (e.g., use of milk cooling equipment and record-
keeping practices) require significant labor investments (Dill et al., 2015; Diniz et al.,
2013).

Social and cultural factors affect capacity to adopt new practices and land uses.
Rural family agriculture is deeply rooted in Brazilian cultural history, and the appeal of
the profession plays an important role in farmer identity and the avenues through which
information and technology enter communities (Hostiou et al., 2015; Gil et al., 2015).
Social networks have been observed to positively affect intentions to alter pasture
management (Borges and Lansink, 2015), adoption of economic management practices
(Dill et al., 2015), and capacity for bargaining and negotiating contracts (de Brito et al.,
2015). Dill et al. (2015) observe the adoption of accounting and other management
practices among dairy farmers in Rio Grande do Sul to be correlated with association
membership, and with internet access.

Beyond social networks, perceptions of government also affect land use decisions.
Despite Brazil’s long history of land use regulations, many properties remain out of

compliance with APP and LR mandates. This may be attributable to restoration costs, but
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low probability of enforcement, economic benefits of grazing in riparian areas, and
barriers to working with government and civil society groups also likely play a role.
Entry into a PWS contract with a government entity depends on the reliability of the
fulfillment of contract terms. Although some of the benefits of PWS contracts are
delivered early in the contract (e.g., forest restoration and legal documentation),
payments are typically contingent on monitoring and paid annually or semi-annually, and
so participating landowners would need to be confident in their eventual delivery. Zanella
et al. (2014) identify prior connections with environmental NGOs to be correlated with
PWS participation, which may reflect landowner values, or higher trust in PWS
administration and objectives.

Biophysical characteristics of a property also affect landowner decisions in a
number of ways. Chief among these is the productivity of land as pasture, which varies
with characteristics such as water availability, soil type, and slope. Although most of the
Cantareira is hilly and relatively inefficient for cattle, especially compared to other
regions in Brazil, eucalyptus is the main alternative (Ditt et al. 2008). Plantations do not
generate income as quickly as cattle, and so lose appeal for some landowners. However,
some portions of land are highly sloped and require higher labor or generate production
risk (through the loss of cattle to falls), making intensification of pasture management
untenable and shifts to eucalyptus or abandonment more likely. Distance also restricts
development options on some properties, as infrastructure in the region is poor and

dominated by dirt roads on steep slopes that are difficult to traverse during wet periods.
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A final issue is perceived risk associated with forest cover near a property. In a
pilot study on the potential use of auctions to allocate PWS contracts in Sdo Paulo state,
Hercowitz and Figueiredo (2011) note that security concerns affected perceptions of
forest restoration, in particular poaching of native palms and robbers using forests as
cover to steal livestock. Security services are relatively weak in rural Brazil, with farmers
relying on neighbors to monitor threats, and so maintaining open sightlines to mitigate

the potential for loss of stock to theft is a serious consideration for small-scale farmers.

Field assessments and farmer interviews
Descriptive statistics of demographic variables for survey participants are

included in Table 3. All of the surveyed individuals maintained pasture for livestock,
which was a requirement to participate in the survey. The population is relatively old,
with an average age just below the minimum for pension collection. Education and
income levels are highly variable. Across the population roughly 60% of income was
reported from off-farm sources, but the distribution was highly varied. Eighteen percent
of farmers are wholly reliant on on-farm activities for income, while nearly 40% reported
less than 10% of their earnings from agriculture on their property. Other farmers reported
a more equal mix of on- and off-farm income streams, which was attributed to dual
income households as well as pensioners, as retirement benefits were considered off-farm

income in the survey questions.
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Table 3. Descriptive statistics of surveyed landowners.

Mean Std. Dev. Min Max
Gender 0.842 - - -
(proportion male)
| Age (years) 54.15 13.73 18 88
Education (years) 7.59 5.49 0 30
Monthly income!
(% of sample)
<1 5.29 -- -- --
1-3 49.74 -- -- --
4-10 33.86 - -- --
>10 11.11 -- -- --
Off-farm income
%) 59.02 37.85 0 100
CAR registration
(% of sample, Nov. 56.08 -- - -
2015)
Property Size 41.98 61.56 0.6 453
(hectares)
Pasture (% of 65.17 26.52 7 100
property
Forest (% of 16.04 15.51 0 70
property)
All APP forested 25.40 -- -- --

Over half (56%) of households reported having completed the CAR registration
process for their property. However, only 25% of households reported that the APPs on
their land were fully forested. A variety of factors were suggested during interviews for
the lack of forest cover, including the specific orientations of springs and streams on
properties, and the presence of forest cover elsewhere on the property or on other
properties owned by the landowner. The density of streams on properties (meters/hectare)
was highly variable (mean = 30.41, std. dev. = 56.92), with several farmers expressing
skepticism about the possibility of maintaining cattle production and complying with land

use laws, despite the maximum restoration requirements established under the 2012 law.
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The surveyed population reported little usage of formal credit sources, with many
individuals complaining either of paperwork or risk involved in working with banks.
Only 27% of farmers (51) reported the use of credit within the past 5 years, while 76%
(143) reported having invested in physical improvements on the property in the same
time period. Focus group participants mentioned the use of social and family networks to
procure informal loans during crises, and reluctance among many of their peers to utilize
PRONAF or other lines of formal credit. The reasoning behind this preference for
informal or formal credit is unclear, but it was suggested that the bureaucracy required
for formal credit presents challenges to farmers with lower levels of education, and that
some landowners were skeptical of financial institutions.

Focus group participants observed that adoption of improved pasture management
in Nazaré Paulista has spread through specific landowners in the municipality who have
close familial ties to other farmers and rent tank space to neighbors for milk storage.
Informal training sessions have also been organized with neighbors and extended family
to demonstrate pasture management techniques. Participation in agricultural extension
programs is low, only 26% of the survey participants reported attending a course offered
by government agricultural extension offices, NGOs, or rural producers’ associations.

The proximity of the Cantareira to some of the country’s largest urban areas has
affected labor supply for landowners. Contracting day laborers (mdo-de-obra in
Portuguese) is preferred for construction and infrequent maintenance tasks, but urban
expansion has contributed to labor market constraints. The factories of Guarulhos and the

greater Sao Paulo area are relatively close, and farmers have commented that the labor
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pool for daily contracts appears to have been negatively affected by this urban expansion
and more lucrative employment opportunities. Migration away from cities is also having
an impact, as the construction of second homes and infrastructure for tourism around the
reservoirs and rivers of the region has resulted in increased subdivision and sale of
agricultural land.

It was not clear that political and economic crises in Brazil affected perceptions of
the validity of PWS contracts with the government, but it was apparent that historical
political issues continue to affect landowner opinions. In addition to negative perceptions
of agricultural extension programs and wariness to seek credit, trust in government
institutions in the Cantareira region is further complicated by the development of
reservoirs in the 1970s. When the Atibainha reservoir was completed in 1973, the
government relocated many families in the municipality of Nazaré Paulista to less
productive land in the hills around the reservoir, which limited family farmers’ capacity
to support themselves and created a lasting legacy of distrust of government (Ditt et al.,

2008).

Discussion
Brazil has developed a legal framework for PWS, including governance structures

to manage watersheds, generate financing, and identify ecologically beneficial activities.
This framework has been augmented by state and municipal laws, which have, in turn,
spurred development of a range of small-scale and pilot programs. In some instances
these programs have targeted priority areas for ecosystem services provision, while others

allow for interested participants to enroll across broader geographic scales. However,
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much of the participation in PWS programs in the Cantareira has been a product of
focused recruitment and support from government and civil society actors (The Nature
Conservancy-Brasil 2015; Zanella et al. 2014; Kfouri and Favero 2011). This type of
recruitment is expensive, and results from the Cantareira suggest that several factors will
need to be addressed if development of PW'S participation is to become a cost-effective.’
The first obstacle that may affect recruitment of eligible landowners into PWS is
the structure of contract incentives (see Figure 2). All of the PWS programs in the
Cantareira have payments that are lower than the annual land rental rate for pasture
(~R$450/ha), and this has been cited in program evaluations as an opportunity for
improvement (The Nature Conservancy-Brasil 2015). This is likely to affect the
landowners who participate, selecting for those individuals with stronger off-farm income
sources or diversified on-farm activities (e.g., horticulture or eucalyptus as well as
pasture). In Extrema’s Water Conservator program, which offers higher payments, many
enrollees are retired and cattle production is infrequently the sole source of income
(Richards et al., 2015). For individuals who are highly dependent on cattle production, or
who are interested in maintaining open pasture for future use, the overall payoff of PWS

may not be sufficient.

% The costs and benefits of using PES to encourage ecologically-significant biome-wide
restoration in the Atlantic Forest has recently been debated in the literature. See: Banks-Leite, et
al. 2014. Using ecological thresholds to evaluate the costs and benefits of set-asides in a
biodiversity hotspot. Science 345 (6200), 1041-1045; Finney, C. 2015. Comment on “Using
ecological thresholds to evaluate the costs and benefits of set-asides in a biodiversity hotspot”.
Science 347(6223), 731-a.; Banks-Leite et al. 2015. Response to Comment on “Using ecological
thresholds to evaluate the costs and benefits of set-asides in a biodiversity hotspot”. Science
347(6223), 731b.
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Cantareira PWS characteristics
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Figure 2. Factors affecting participation in PWS programs. (Adapted from Pagiola et al. 2005)
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Almost all contracts that have been implemented in the Cantareira region are
short-term (2-5 years). In the early stages of program development this shorter length
provides both landowners and program staff an opportunity for evaluation while
minimizing long-term costs. However, the Native Vegetation Protection Law mandates
long-term (permanent) conservation, and program staff may need to establish
opportunities for either longer-term contracts or contract renewals to avoid the potentially
negative consequences of lost funding for participants after only a few years. Renewals
with shorter terms may be more appealing, as evidence from an attempt in Extrema to
enroll participants in 30-year carbon sequestration contracts were unsuccessful (Richards
etal. 2015).

Some environmental NGOs have attempted to train farmers pasture management
strategies, such as the Voisin grazing system, to help compensate for the conversion of
APPs to reforestation. However, adoption of these alternative methods has been limited,
and varied by municipality and neighborhood. Farmers in Nazaré Paulista reported
reliance on ad hoc associations with neighbors for information on farming practices,
while farmers from Extrema and other municipalities in Minas Gerais have more active
farmer associations, in particular SENAR (National Agricultural Learning Service).
Other municipalities in the Cantareira devoted greater resources to agricultural extension
offices, including equipment rentals, which cultivated greater interactions among farmers
and agronomists. Evidence from other regions with PES programs suggest that these

social contexts will also affect enrollment (Zanella et al. 2014; Chen et al. 2009)
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Taken together, PWS incentives that currently exist in the Cantareira would be
expected to enroll landowners with diversified on-farm or high off-farm income, with
connections to and trust in institutions, such as government agencies and NGOs, and an
intrinsic desire to comply with the APP mandates of the Forest Code to motivate
participation. Evidence from an analysis in Extrema (as well as PES projects elsewhere in
the Atlantic Forest) suggests that connections to civil society organizations involved in
PWS programs are especially important (Richards et al. 2015; Zanella et al. 2014).
However, these landowners may also be more willing to replant forest on their own,
either through their own investments or mitigation-type programs such as the Sao Paulo
Springs program (Programa Nascentes) that link landowners interested in forest
restoration with others who need to ‘purchase’ restoration elsewhere to comply with land
use laws. Recruitment of landowners who are unlikely to plant forests on their own
would require higher overall payments, greater investment in developing social
connectedness, or — absent changes in incentive structures — greater perceived risks to
non-compliance through legal enforcement of the 2012 law.

Improving incentives would require actions to address two major administrative
challenges — financing and governance. Restoration targets for the Atlantic Forest are
large, and will likely require investments from multiple sources (Pinto et al., 2014). The
New Forest Law has enabled the use of funding mechanisms to support reforestation, but
thus far there are limited examples (such as Extrema) in which resource users have joined
permanent fee or tax systems to fund these types of project. In the Cantareira, one source

of funding that has yet to engage in PWS is the state water utility company (Companhia
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de Saneamento Bésico do Estado de Sdo Paulo — SABESP), which manages the
reservoirs in the Cantareira System. To date, the company has focused on reforestation
within the buffer areas of its reservoirs, but declined to support PWS programs.

Although governance frameworks are legally defined, and both national and state
governments have invested in pilot programs to refine management structures and
regulations, the watersheds in the Cantareira still fall under the responsibility of multiple
authorities, including several municipalities and watershed committees (Padovezi et al.
2013). This complicates planning and decision making, including development of
funding mechanisms and support for technical assistance. This is not insurmountable, as
evidenced by the existence of several PWS programs already, but it may affect the
capacity to modify incentives and financial support to better attract landowners who

would not otherwise participate in provision of watershed services.

Conclusion
Despite substantial effort to develop PWS programs in Brazil, there have been

limited environmental gains. This is due, in part, to the slow process of developing legal
frameworks and pilot projects to implement PWS and validate its model. However,
observations from the Cantareira suggest that the structure of existing incentives may not
be sufficient to encourage enrollment by landowners who are unlikely to reforest portions
of their land on their own. This supports a growing body of research on the economic,
social, and environmental factors that affect decision making. A better understanding of

the preferences and motivations of these landowners is necessary, both to target the
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landowners who would provide the greatest environmental gains through participation

and to better use limited resources.
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CHAPTER TWO - FARMER PREFERENCES FOR REFORESTATION
CONTRACTS IN BRAZIL’S ATLANTIC FOREST: EVIDENCE FROM A
CHOICE EXPERIMENT

Introduction
Payments for ecosystem services (PES) programs have become an increasingly

common policy tool for encouraging socially desired land management practices on
private property through direct payments from users of ecosystem services to landowners
who can provide services through land management (Bennett and Carroll, 2014; Ferraro
and Kiss, 2002). Payments for watershed services (PWS), which pay upstream
landowners to adopt practices that improve downstream water quality, have become
especially widespread (Bennett and Ruef, 2016).

However, there is evidence that the additionality of PWS is limited in certain
contexts (Arrigiada et al., 2012; Pattanayak et al., 2010). Research suggests that
enrollment decisions are affected by a wide range of factors, including credit constraints,
social norms, and the structure of payments, and these, in turn, affect the environmental
gains created by a program (Kaczan et al., 2014; Chen et al., 2009; Jayachandran et al.,
2016).

Addressing incentive design and targeting issues is challenging and potentially
expensive. Procurement auctions are considered the optimal approach to eliciting
participation at the lowest overall cost, eliminating the need to design incentives with

broad appeal and enrolling only the most willing landowners (Ferraro, 2008). This is not
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feasible in some contexts, for logistical purposes or due to transaction costs or familiarity
issues that would affect participation (Hercowitz and Figueiredo 2011). In these cases,
clearly defined sets of incentives are necessary, and their design requires understanding
of the range of preferences of the target population.

Here we report of the results of a choice experiment on PES contracts in the
Cantareira region of the state of Sdo Paulo, Brazil. The region is a critical source of
drinking water supply for the Sdo Paulo metropolitan region, and PWS have been piloted

in several municipalities with the goal of improving water quality.

Payments for environmental services
PES programs are a transactional system in which landowners are contracted by

external actors to manage land in a way that provides some agreed upon level of
environmental service (for a thorough overview of program design and implementation,
see Morrison and Aubrey (2010) and Engel et al., (2008)). They have become
increasingly popular in the past two decades, in particular in Latin America (Bremer et
al., 2016; Balvanera et al., 2012). In Brazil, the PES concept has been promoted as an
opportunity to leverage the services provided by the country’s ecosystems to encourage
conservation and restoration (Pagiola et al., 2012). Seventy-nine PES programs had been
implemented or planned in the Brazilian Atlantic Forest ecoregion through 2011, with the
majority (41) targeting watershed services and the remainder focusing on either carbon
(33) or biodiversity (5) (Guedes and Seehusen, 2011).

Despite the proliferation of PES programs, the land area enrolled in Brazil has

lagged behind countries with national programs, such as Mexico and Costa Rica (Pagiola
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et al., 2012). This is largely due to the complex process of developing policy mechanisms
to manage programs, including promulgation of national, state, and local regulation to
enable financing and payments (Richards et al., 2015). In addition, many programs have
only implemented pilot projects with constrained areas of operation.

The slow process of increasing enrollment in PES in Brazil has important policy
implications in the Atlantic Forest, a largely deforested biodiversity hotspot that is also
home to most of the country’s metropolitan areas (IBGE, 2010; Myers et al, 2000). In
addition to the water crisis in the Cantareira region, the Atlantic Forest Restoration Pact —
a partnership of NGOs, government agencies, private firms, and research institutions —
has set a target of restoring 15 million hectares of native vegetation in the ecoregion by
2050 (Pinto et al., 2014). The new Native Vegetation Protection Law, which was passed
in 2012 to replace the Brazilian Forest Code, intends to improve enforcement of land use
mandates requiring ecological restoration of riparian areas (Soares-Filho et al., 2014).
Financial mechanisms enabling PES are explicitly included in the new law to alleviate
economic costs of converting land from agriculture to native vegetation, and to offset
high per-hectare costs of planting and maintaining restoration sites (Brancalion et al.,
2016; Packer, 2015).

A great deal of attention has been paid to administration of PES programs
(Guedes and Seehusen, 2011), but there is limited research on factors affecting
enrollment (see, for example, Zanella et al., 2014) and, specifically, how PES contract
attributes may influence participation. Several PWS programs have been implemented in

the Cantareira region, but only one (Conservador das Aguas) has continued beyond the
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pilot stage to expand enrollment and renew contracts (Richards et al., 2015; also see
Supplementary Table S1 for contract attributes of the Cantareira PES programs).
Understanding the relative appeal of these contract attributes will help refine PWS

incentive design in the Cantareira region.

Methods

Study site description
The Cantareira System is the largest drinking water supply for the Sao Paulo

metropolitan area. The catchment stretches across portions of the states of Sdo Paulo and
Minas Gerais, and is comprised of five interconnected reservoirs that capture water from
the Serra da Cantareira and the Serra da Mantiqueira ranges (Figures 1 & 3). The entire
system lies within the Atlantic Forest ecoregion, which is considered to be one of the
world’s biodiversity hotspots (Myers et al., 2000), with globally significant levels of
species diversity and endemism. The Atlantic Forest has been heavily influenced by
human development — of the 1.5 million km® of original forest cover, only 11-16%
remains, often in highly fragmented patches (Ribeiro et al., 2009).

Some successional stage of native Atlantic Forest vegetation covers
approximately 40% of the Cantareira catchment’s 230,000 hectares, but the landscape is
highly fragmented by agricultural land (Ditt et al., 2008). The predominant agricultural
land uses in the region are eucalyptus and pasture for dairy and beef cattle production.
Over the past several years, low levels of rainfall and infrastructure problems have
resulted in a prolonged water shortage in the Cantareira System, and deforestation and

degradation of springs and riparian areas for cattle production have likely exacerbated the
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problem (Taffarello et al., 2016). As a result, there have been significant investments in
programs to encourage reforestation and stream protection in the region.

This study focused on the three municipalities in the state of Sdo Paulo that lie
almost completely within the Cantareira catchment: Nazaré Paulista, Piracaia, and
Joanodpolis (Figure 1). These municipalities are home to 53,298 people (IGBE, 2010), and
the most recent agricultural census (2008) recorded 1,882 properties on which pasture

was used for agricultural production (Table 4).
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Table 4. Population data for study municipalities (Source: IBGE Census 2010, State of Sao Paulo Agricultural
Cesnsus, 2008)

Population Cattle Farmers
Joanopolis 11,768 745
Nazaré Paulista 16,414 488
Piracaia 25,116 649

Data collection
A discrete choice experiment (CE) was used to quantify preferences for PES

contracts and identify tradeoffs between the size of restoration areas and payouts that
vary in size and type (e.g., cash and in-kind returns). The choice experiment approach is
used to understand preferences for different attributes of a good by asking participants to
choose between hypothetical goods as part of a questionnaire. These goods are comprised

of attributes, each with a number of different levels.

Theoretical framework
Several behavioral models have been developed in economics and other social

sciences to understand the decision-making process for participation in policy programs.
In this study, we assume a utility-maximization framework for landowner decisions.
Because a landowner faces a loss in utility due to the reforestation requirements of a PES
contract, they will be expected to enroll when payments and other contract attributes
result in a net utility gain.

Consider the utility function of a landowner i when faced with choice of contracts

in situation j:
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Equation 1
Uij = V(Zi,x]') + 5ij

Where V is an observable, known utility component comprised of individual-specific
characteristics z; and contract-specific characteristics x;. & is a random error term
comprised of unobservable factors affecting choices, which for analytical purposes is
assumed to be IID extreme value type I (McFadden 1974).

An individual is expected to select the alternative £ from a set of alternatives C

when the utility of & is greater than any other alternative j in the set. This is expressed as:

Equation 2
Uik>Uij$Vik+ eik>Vij+ ELJV]:/:k,kEC

as described in Adamowicz et al. (1998a). The probability that an individual chooses
alternative k matches the probability that the utility of alternative k exceeds the utility of
the other alternatives in the choice situation/set (Adamowicz et al., 1998a). Given the use

of three alternatives in each choice set in this study, the utility can be rewritten as:

Equation 3
V(ASC, xkl’n,ﬁi, Si) + Ekins ifk = 1,
Ukin = { V(ASC, Xgin, Bi, €) + Exin, ifk =2;
Exiny if k = 3 (status quo);
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where utility of individual i for an alternative & in choice situation 7 is a product of the
indirect utility » and the unobservable characteristics of the choice situation and
individual captured by the error term &;,. Indirect utility is a function of the vector of
variables Xxj;, that describe the contract attributes, and the vector f5;, which describe
individual preferences. The component z; from Eq. 1 is expressed here as an attribute-
specific constant (ASC).

The selection of an attribute & can be described probabilistically by rewriting

Equation 2:

Equation 4

Pik: Pr(Ulk>UU)V]¢k
= Pr(Vik+Sik>Vij+€ij)Vj7‘—'k
=Pr(£ij—€ik<Vik—Vij)Vj¢k

This equation serves as the basis for a set of logit models that can be used to predict
preferences, which are differentiated by their assumptions regarding the distributions of
the error terms.

Assuming error terms are IID Type-I extreme value distributed is the basis for the

conditional logit model (McFadden 1974):
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Equation 5
exp(Vix)

Z§=1 exp(Vij)

ik —

The indirect utility vectors for contract and individual attributes introduced in Eq. 3 can

be included to create the following model:

Equation 6
exp(Bixix)

- Z§=1 exp(f;x;;)

ik

The conditional logit model assumes that individuals share the same characteristics,
which is unlikely to be observed in field settings. The mixed logit (or random parameters

logit) relaxes this assumption by allowing for variation in individual characteristics (Hole

2007):
Equation 7
exp(Bixi)
Py = (B16)d
“ IZ§=1 exp(fB;x;;) Jp10p

where f(B]6) is a density function of 8. Assuming that choices are independent when
individuals make selections in more than one choice situation, the probability of

individual i choosing alternative k in situation # is then described as:
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Equation 8

L exp(Blxa)
Fikn = 6)d
k f(l_[ [Zfﬂexp(ﬁl{x”)]) f(,8| ) p

n=1

Log-likelihoods for Pj, can then be simulated using maximum likelihood estimations in

Stata (Hole, 2007).

Experimental design
Attributes for the choice experiment were developed from incentives used in

existing PWS and agricultural extension programs in the region (Table 1), and from
reforestation requirements along springs and watercourses, as defined by the 2012 Native
Vegetation Protection Law (See Soares-Filho et al., 2014 — Supplementary Material).
Initial scoping interviews were conducted in June and July 2015 with local farmers and
agronomists to gather information on the appropriate ranges of attribute levels, and in
early September 2015 pilot surveys were conducted with 15 rural landowners to refine
the composition of the choice sets (see sample choice card in Figure 4).

Three payment attributes were used, all as per-hectare, annual payouts for
proposed restoration areas on the property. The typical land rental price for grazing on
one hectare of pasture was R$450/year in 2015, and so all three payment levels were set
below this mark (Table 5). In addition to the value of the payment attribute, the overall
payout for a farmer would vary by the width of the area to be restored, the structure of
riparian areas on the property, and the length of the contract. Three widths were used,
drawn from the Forest Code for APP mandates for properties of different sizes (5m, 15m,

20m). The survey team explained the restoration component of the hypothetical contracts
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during interviews by recording the number of springs and the length of watercourses on
the property, then consulting a table with the participant to calculate the total area of
restoration under the three different scenarios. These were referred to during the survey

as the choices were presented.

Atributo de Opcio A Opcao B
programa

Puree” | 20anos 10anos

(anos)

Valor do

pagamento R$350 RSZSO

(por hectare,

por ano)
Area de
restauracio
—— 15 metros — —— 20metros —
oy 131
)t-}« W
I 48
Sistema
Voisin

Nao Sim

Figure 4. Example choice set (in Portuguese).
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The temporal attribute of the contract options included terms of 5, 10, and 20
years. For simplicity, contracts were described as lacking penalties for early exit. The
purpose of this variable was to understand how contract duration affected utility, as
current PES initiatives use shorter terms (typically 3-5 years) and it is unclear whether
there is demand for recurring payouts over a longer period of time (Richards et al., 2015).
One PES project in the Minas Gerais portion of the Cantareira System, Conservador das

Aguas, has attempted to adopt 30-year carbon agreements, but has received little interest.

Table 5. Choice attributes and levels

Attribute Description Levels
Duration The length of the contract e 5
(years). There is no penalty for e 10
early exit. e 20
Payment Compensation for the restored * R$150
area on the property (per- e R$250
hectare, in Brazilian reais, RY) e R$350
Restoration Width The width of restoration around e 5m
all springs on the property, and e 15m
along all watercourses. e 20m
Pasture Material (Voisin A donation of fencing material * Yes
System) and day labor to install e No
paddocks for rotational grazing
on all pasture on the property.
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The final attribute was the donation of fencing material and labor to install the
Voisin system of rotational grazing on all pastureland on the property, which has a value
of approximately R$1000/ha (US$305 in August 2016). This variable was included to
explore the relative importance of material and labor (mdo-de-obra) for landowners.

A D-efficient design algorithm included in the SAS software package was used to
construct 24 choice situations, which were then divided into 4 sets of 6 choice situations.
This approach is considered beneficial in a choice experiment setting because it
minimizes the errors created through the construction of the choice situations (Rose and
Bliemer 2009). Error minimization allows for estimation of the marginal effects of
attributes with a smaller sample size.

Surveys included two sections, which were conducted during one session if the
participant met certain criteria. The choice experiment was applied when the participant
owned the property being considered, maintained pasture, and had springs and/or
permanent watercourses on the property, so that all contract attributes were relevant to
land use on the property. Participants were presented with two sets of 6 choice situations,
and each choice situation included two contract options and a ‘none of the above’ option
to prevent a forced choice (see section below on biases).

Following the choice experiment section of the survey, all participants were asked
a series of demographic and socioeconomic questions about the household, as well as
questions about property characteristics (Supplementary Material S1). Questions about
reliance on media sources and recent drought conditions were also included. Only a brief

set of qualifying questions about agriculture on the property, ownership status, and
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watercourses were presented prior to choices to avoid fatigue in the next part of the

survey.

Hypothetical and social desirability bias
Stated preference techniques are susceptible to various biases, including both

hypothetical and social desirability biases. Hypothetical bias is expressed as the
difference between the preferences stated in a survey context and those expressed in a
real-life situation. This includes strategic responses to skew results or appease survey
responses, also known as a social desirability bias. Cheap talk, or scripts delivered prior
to the choice situation to emphasize the importance of realistic answers, has been
effective in some situations (Carlsson et al., 2005), including choice experiments to study
PES (Kaczan et al., 2014). A cheap talk script was included in the initial version of the
survey, but was dropped after pilot respondents suggested the encouragement of honest
responses would alarm participants who are not complying with the Forest Code, as they
may fear ramifications for their land use.

Social desirability bias describes the effect on survey responses of social norms
and context. For example, respondents in a survey with interviewers from an
environmental NGO may consider it beneficial to skew their responses to
environmentally-favorable choices, while in reality this does not reflect their preferences.
To address this, respondents were presented with a series of 6 choices and asked to
consider their own property, followed by an ‘inferred valuation’ set of 6 choices, in
which farmers were asked to select the option that they believed would be most popular

for other farmers living in the area.
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Survey data collection
Surveys were conducted from September-November 2015. All interviews were

conducted by pairs of researchers, with one team member reading the script to the
landowner and the other entering data. Magpi (http://www.magpi.org), a free mobile app
for survey data collection, was used to record data in most interviews. When this tool was
unavailable, data were recorded on paper copies of the response form and entered that
evening in Magpi for online storage on secure servers.

Landowners were contacted principally through ‘cold’ approaches on their
property, although a small number of respondents were referred to the researchers by
neighbors or social contacts.” Surveys were conducted on the farm and locations were
recorded using GPS units. Maps of the municipalities were consulted to ensure survey
effort was distributed across the full extents of the municipalities and to avoid repeat

visits to properties post-interview.

Data analysis
Preference data were analyzed using conditional and mixed logit models. The

conditional logit model was used to evaluate preferences for the entire sample, and to
compare the preferences from the direct and inferred valuation data.

Mixed logit models were used to explore the potential interactions between
preferences and the property and household characteristics gathered in the survey, and to
calculate preferences for groups that may be the target of future PES in the region.

Several mixed logit models were constructed, including a model used the full direct

7 Seven interviews were arranged through the Joandpolis environmental secretariat and an owner of a local
dairy and cheese processor. The participants regularly sold him milk.
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valuation dataset, models that interacted contract attributes with household and property
characteristics, and one that split the sample into two groups based on the participants’

status as family farmers.

Results

Sample descriptive statistics
Interviews were conducted with 202 farmers, of whom 189 met the participation

criteria and were interviewed using the full choice experiment methodology (Table 6).
Descriptive statistics for the socio-economic characteristics of the participants and the

biophysical traits of the properties are listed in Tables 7 and 8, respectively.

Table 6. Number of respondents by municipality.

No. of respondents

Joanopolis 85
Nazaré Paulista 41
Piracaia 63
Total 189

The average age of surveyed landowners was slightly above 54 years, just shy of
the retirement age in Brazil (55). On average participants had received close to 8 years of
education, although the range was quite large (from <1 year of formal schooling to
multiple post-baccalaureate-level years of study). Income was reported only categories
relative to the Brazilian monthly minimum salary. Income was almost always generated

through agricultural activities, but many individuals also earned from outside sources,
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either professions or pensions. The latter form of income is quite common, due to the age
of the population and the generous pension policies adopted by the Brazilian government.

Property characteristics varied widely. Although all properties contained some
pasture that was used for livestock, the relative size of the pasture on the property, and its
value to household earnings, ranged from hobby-type farms for pensioners to multi-
employee dairy operations. Eucalyptus was present on some properties as an alternative
revenue source. Nearly all properties had some native vegetation, although only 25% of
the surveyed properties held sufficient forest cover and distribution to comply with the
Native Vegetation Protection Law. In many cases at least some of the watercourses on
the property were not lined with forest as required by law. Although the overall forest
cover was estimated during the survey, compliance with land use laws was reported only

as a yes/no response.

Table 7. Summary statistics of socio-economic characteristics

Mean Std. Dev.
Gender (proportion male) 0.842 --
Age (years) 54.15 13.73
Education (years) 7.59 5.49
Household Size 3.94 3.93
No. children/retired 1.54 1.77
Monthly income®
<1 0.05 --
1-3 0.498 --
4-10 0.339 --
>10 0.111 --
Off-farm income (%) 59.02 37.85

¥ Categories relative to monthly minimum wage, R$788 (approx. US$230)
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Conditional logit (Direct and inferred valuation)
Preference data were analyzed in separate steps. Direct and inferred preference

data were modeled as conditional logit models, following McFadden (1974) (see Table
9). The 189 survey respondents resulted in 1134 choice situations for the two separate
analyses. As mentioned previously, each choice situation included two hypothetical
contract options (A & B), and an option C, in which no contract would be selected and
the landowner would maintain the status quo. Distributions of choices for each choice set
are listed in Appendices 4 and 5. No single choice in any set was selected over 64% of
the total responses. Instances in which the status quo option was the most commonly
selected corresponded with choice sets in which both contracts included high levels of
restoration.

In the direct valuation portion of the survey 20.88% of the participants selected C
for each of the choice situations, and in the inferred valuation portion 17.88% of the
participants selected option C for all situations. In some situations participants selected
option C for each choice situation in both direct and inferred sections, but frequently
participants expressed specific reasons (e.g., property-specific characteristics, poor
knowledge of the preferences of neighboring farmers) for opting out. Appendix 6
contains summary statistics for socioeconomic and property characteristics of participants
who elected the status quo in every choice situation.

In each conditional logit model, the provision of material for pasture fencing
(Voisin) had a large positive effect on contract selection, and larger restoration areas had
a negative effect on contract utility. The effect of payment size was small but significant,

unsurprising given the wide range, and the length of the contract did not have a
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significant effect on probability of selection. In the direct valuation model, the coefficient
for the alternative specific constant (status quo) variable was positive, and in the inferred
valuation it was negative (significant at alpha = 0.1 for both). This indicates that there
was a preference for the status quo when choosing a contract for one’s own property, but

not necessarily when participants estimated the preferences of nearby landowners.

Table 8. Summary statistics of property characteristics.

Mean Std. Dev.

Hectares 41.99 61.56
Spring Density (no./ha) 0.12 0.195
River Density (meters/ha) 30.41 56.92
Pasture Cover (%) 65.17 26.5
Forest Cover (%) 16.04 15.51
Area with slope >30°

<30% 69.31 --

30-60% 16.4 --

60-90% 10.58 --

>90% 3.7 --
Mixed logit

Mixed logit models were also constructed using the direct valuation responses
from the choice experiment, with preferences for the length of the contract, the width of
restoration, the fencing variable, and the ASC assumed to be heterogeneous across the
population. The models were estimated using the mixlogit package in Stata 13, using 500

Halton draws for the simulations.
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Table 9. Results of multinomial (conditional) logit regression for direct and inferred valuation choice data.

(1) (2)
VARIABLES Direct Valuation Inferred Valuation
Years -0.00758 -0.00923
(0.00710) (0.00666)
Payment 0.00210%** 0.00107**
(0.000545) (0.000510)
Restoration -0.0530%** -0.0497%**
(0.00692) (0.00646)
Voisin 0.389%** 0.266%**
(0.0817) (0.0752)
ASC 0.357* -0.326*
(0.191) (0.178)
Observations 3,402 3,402
McFadden’s pseudo-R* 0.0520 0.0303
Log-likelihood -1181 -1208
AIC 2372.08 2426.14
BIC 2402.75 2456.8

In main effects model (Table 10 — Model 1), payments had a small, positive effect
on farmer contract selection. As expected, the inclusion of fencing had a large and
positive effect. However, the standard deviation was large, suggesting that there was a
great deal of heterogeneity in the perceived utility of fencing and Voisin pasture
management for landowners. Participants showed a preference for lower restoration
widths. The coefficient for the ASC was negative, and significant only at the 10% level.

Models 2 and 3 incorporate interaction effects between contract attributes and

property characteristics. These include an interaction variable representing the absolute

Standard errors in parentheses
*EE p<0.01, ** p<0.05, * p<0.1
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value of the payment (Payment * Restoration, PayRest), the percentage of a property that
is to be planted in a contract (RestImpact), the presumed importance of fencing to income
(FencePotential — the percentage of on-farm income * Voisin fencing dummy variable),
and a dummy variable when the combination of the existing forest on a property and the
proposed restoration area exceeded the legal requirement under Brazilian law
(LegalMax). Both models were created through an iterative process in which different
interactions were added to the base model (Model 1) and compared using their log-
likelihood values and Akaike and Bayesian information criteria.

Results for Models 2 and 3 are included in Table 10. Model 2 included two
interactions related to the impact of the proposed forest restoration — the variables
Restlmpact and LegalMax. The magnitude and direction of the contract attributes did not
change much with the inclusion of these attributes. RestImpact had a strong and negative
association with the selection of a contract, but there was not a significant relationship
between the dummy variable Lega/Max and contract selection.

Model 3 was constructed without the legal compliance variable and incorporated
both an interaction term for the total sum of the payment under the contract (PayRest)
and a proxy for the relative importance of on-farm activities to household income
(FencePotential) to examine the effect of preferences for fencing on contract selection.
The dummy variable for the fencing had a much larger positive coefficient in this model,
and the proxy for the importance of fence to income was also positive but significant only

at the 0.1 level. The effect of the overall payment size was very small and not significant,
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and likely captured by payment variable itself. The negative effect of the proportion of a
property to be forested was even larger than in Model 2.

Models 1-3 suggest that property and household characteristics have a large
influence on the propensity to select a particular contract. This is very relevant for
targeting landowners, as it is suggested that PWS be tailored to appeal to landowners that
face high compliance costs and would be unlikely to reforest riparian areas without
additional resources. Two separate models were constructed to explore the incentives that
may be appropriate for this PWS strategy by splitting the full sample based on
participants’ status as family farmers (Table 11).

Family farms are codified in Brazilian national law as landowners who own no
more than four “fiscal modules™”, use primarily family labor, derive over 80% of income
from the family property, and directly manage on-farm agricultural activity (Guanziroli
2013; Government of Brazil, 2006)."° Given their dependence on their property for
income, these landowners are logical targets for PWS programs. Thirty-four participants
met the criteria for ‘family farmer’ and mixed logit models were estimated for this sub-
group and the subgroup of landowners who did not meet the criteria (N=155).

Demographic traits for the two subgroups are listed in Table 12.

® A fiscal module is described in hectares and defined by municipality as the minimum amount of land
required to support a family in the predominant agricultural activity in a municipality -

1% Cattle are the predominant agricultural activity in the study municipalities, and a ‘fiscal module’ is 24
hectares in both Piracaia and Joandpolis, and 16 hectares in Nazaré Paulista.
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Table 10. Results of mixed (random parameters) logit regression.

Model 1 Model 2 Model 3
VARIABLES Coefficient S.D. Coefficient S.D. Coefficient S.D.
Payment 0.00542%** 0.00616%*** 0.00545%**
(0.00121) (0.00138) (0.0015)
Years -0.0224 -0.0469 -0.019 0.095%**  -0.0198 -0.057**
(0.016) (0.033) (0.0188) (0.0271)  (0.0169) (0.0255)
Restoration -0.315%** 0.3898***  .(0.2]13%** 0.381%**  _0.210%*** 0.378***
(0.0476) (0.0479) (0.0409) (0.0523) (0.0472) (0.0497)
Voisin 0.987** 4.948%%* 1.005** 6.166%** 2 478%** 4.289%%*
(0.398) (0.622) (0.445) (0.879) (0.734) (0.606)
ASC -0.618* 5.029%** -0.645 6.168***  -1.096* 6.014%**
(0.576) (0.663) (0.669) (0.892) (0.652) (0.875)
RestImpact -8.707%** 7.052%**  _12,539%** 19.469%**
(3.16) (1.876) (4.702) (4.69)
PayRest -0.000204 0.0009
(0.000565) (0.0009)
FencePotential 0.031* 0.052%**
(0.011) (0.009)
LegalMax -0.98 3.715%%*
(0.845) (0.82)
Observations 3,402 3,402 3,402
Log-likelihood -746.27 -740.58 -741.28
AIC 1510.54 1507.16 1512.55
BIC 1565.73 1586.87 1604.53

Standard errors in parentheses
*E* p<0.01, ** p<0.05, * p<0.1
Model 1 = Main effects of contract variables, Model 2 = Contract variables and property-specific
restoration, Model 3 = Contract, property-specific restoration (impact and relative payment size),
and relative importance of fencing/dependence on on-farm income

The inclusion of fencing material was observed to have a much stronger positive
effect for family farmers than the rest of the sample, and the magnitude of the negative
utility of restoration widths is larger. Both of these observations align with the results of

Models 2 and 3.
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Table 11. Results of mixed (random parameters) logit regression for family farm and non-family farm

subgroups.
Family Farms “Non-family Farm” Properties
VARIABLES Coefficient S.D. Coefficient S.D.
Payment 0.00926*** 0.00421%***
(0.00329) (0.00124)
Years 0.0336 0.0445 -0.0332* 0.0735%**
(0.0384) (0.0469) (0.0178) (0.0215)
Restoration -0.335%** 0.514%** -0.207 *** 0.303%%**
(0.0957) (0.124) (0.0283) (0.0316)
Voisin 3.508%** 4.981*** -0.116 4.145%%*
(1.000) (1.483) (0.388) (0.482)
ASC 0.977 5.363%** -0.834 3.197%*x*
(1.439) (1.356) (0.511) (0.333)
Observations 612 2,790
Log-likelihood -126.52 -625.5
AIC 271.04 1268.91
BIC 310.79 1322.31
Standard errors in parentheses
% p<0.01, ** p<0.05, * p<0.1
Discussion

Results from the choice experiment provide several insights for PES practitioners
regarding incentive design and targeting of landowners in the Cantareira region. Chief
among these is that contract structures used in pilot projects in the Cantareira may not
provide sufficient incentives for farmers to enroll if they are highly dependent on

agricultural activities. This challenge is compounded by the heterogeneous effects of land

use mandates on properties and the complicated history of governance in the region.
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Table 12. Comparison of household characteristics by status as a "family farm"

Family Farm Non-family Farm
Gender (proportion male) 0.91 0.826
Age 51.09 54.82
(10.37) (14.24)
Household Size 3.59 4.28
(2.80) (3.97)
Off-farm income (%) 2.65 71.39
(6.09) (29.67)
Hectares 26.39 4541
(22.09) (66.53)
Spring density (#/ha) 0.105 0.122
(0.124) (0.208)
River density (m/ha) 25.30 31.53
(31.26) (60.91)
Pasture area (%) 70.39 64.03
(30.02) (25.46)
APP fully forested (% of 26.47 25.16
subgroup)
CAR registration 0.62 0.56

complete (% of subgroup)

The lack of a significant effect of contract length in any of the models may be an
effect of the survey design, as contracts were stated to be voluntary and lack penalties for
early exit. However, this topic should be further explored, as other sources of
reforestation funding are likely to develop through carbon finance, which requires long-
term (~30 year) guarantees for credits. This type of agreement was attempted in Extrema
by the municipal government, in partnership with The Nature Conservancy, but received

limited interest due to concerns about generational transfer of land (Richards et al., 2015).
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Upfront, in-kind payments in the form of fencing material had a much stronger
effect on choice selection for family farmers, which is unsurprising given the importance
of pasture for household income. Trust in institutions may also influence these
preferences, as it has been recognized as a challenge in other domestic development
programs. As an example, Brazil has attempted to expand specialized government credit
programs that include small-scale producers, such as PRONAF, but participation has
been limited (Guanziroli, 2013). Only 27% of participants in this choice experiment
reported utilizing credit within the past five years, and data from the 2008 agricultural
census shows only 4% of farmers in the study municipalities using formal credit sources
(Government of Sao Paulo, 2008). Participants frequently expressed distrust in banks and
government loans during interviews, and there is anecdotal evidence that many farmers
rely instead on social networks for emergency credit lines. Brazil has frequently
experienced economic turbulence, including a serious economic crisis during this
research project (June-November 2015), and this may be another reason for aversion to
deferred or staggered payments.

Trust and perception of institutions may have broader effects on enrollment in
PWS in Brazil. In roughly 21% (39/189) of the interviews, participants selected ‘none of
the above’ for all of their choices, preferring instead the status quo. These individuals
were frequently out of compliance with land use mandates. Following the choice
experiment portion of the survey they expressed knowledge of the existence of these land
use laws and news related to forest conservation, which suggests there is little concern

that non-compliance will incur any penalty. In the inferred valuation section of the
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survey, several participants stated that other farmers in the area had little or no interest in
reforestation, so they could not guess about the preferences of other landowners.

Property characteristics also played an important role in landowner decisions. The
distribution of APPs, in particular riparian areas, in the study area was heterogeneous
(mean on-farm stream density = 30.41m/ha, std. dev. = 56.92). In many instances the
areas that contained springs and streams were also the most important areas for pasture
production, or the position of streams bisected the property such that reforestation would
require significant shifts in herd management. The importance of these areas is especially
evident in the addition of a restoration impact variable in Models 2 and 3. It should be
noted that the contract attributes for forest restoration sometimes exceeded the legal
obligations for the property (see Soares-Filho et al., 2014, for a summary of the
requirements for different property sizes).

Most landowners agreed to participate in the survey when approached, although
in some instances they did decline the invitation. Typically this was due to farmers being
occupied with other activities when approached by researchers, and in some cases these
attempted interviews were re-scheduled. In other instances landowners stated that they
were unavailable, which could be due to fluid schedules or to a lack of interest in
participating in the survey. Landowners did occasionally express concern with sharing
information about their properties and their land use decisions, despite being presented
with information about the partner NGO and the declaration that the survey was solely

for research purposes.
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Conclusion
Recent efforts to develop PWS programs in the Cantareira region have utilized

short-term contracts with a range of incentive structures to encourage reforestation. These
efforts have occurred in parallel with legislative changes intended to reduce the costs of
compliance with land use laws for landowners, and to enable greater enforcement of
these laws. PWS programs offer additional incentives for landowners in environmentally-
important areas when costs of reforestation limit conservation.

However, there is little evidence to suggest that the incentives utilized by existing
PWS programs will encourage reforestation without significant recruitment effort, which
incurs high upfront transaction costs for government agencies and civil society
organizations that have been involved in PWS. Some PWS, such as the Conservador das
Aguas program in Extrema, have opted for simpler incentive structures that pay larger
lump sums to reduce these upfront costs. Evidence from this choice experiment suggests
that another strategy that may also improve provision of desired ecosystem services is the
inclusion of in-kind payments (e.g., fencing) at the start of the contract to alleviate the
loss of pasture. This is likely to be especially relevant to projects that seek to increase
forest restoration by family farmers.

In light of the projected completion of the CAR database in May 2017 and the
ongoing political and economic turmoil in Brazil, it is difficult to predict how land use
trends will change in the Cantareira and throughout the Atlantic Forest in the near-term.
This will have an effect on the future of PWS in the region. Despite this uncertainty, the
importance of watershed management following the 2013-2014 drought events suggests

that investment in reforestation efforts will continue. This research suggests that any such
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effort should carefully target specific landowner types or offer higher payouts to account
for the heterogeneity in preferences and property characteristics affecting land use

choices.
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CHAPTER THREE - LANDSCAPE AND PROPERTY-LEVEL FACTORS
AFFECTING ATLANTIC FOREST REGENERATION IN RURAL SAO PAULO
STATE, BRAZIL

Introduction
Deforestation of tropical forests is a persistent global conservation challenge, but

rates of forest loss are not homogeneous across the tropics. In some areas recovery has
been observed (Sloan and Sayer, 2015). This forest regrowth can be attributed to
abandonment of agricultural land and other social and economic changes, or to land use
reforms. A great deal of political capital has been directed toward land use reform,
including the endorsement of the Bonn Challenge by the United Nations in 2014, which
encourages national-level restoration through a commitment to restoration of 350 million
hectares of forest by 2030 (IUCN-GPFLR, 2014). However, a great deal of work remains
to organize on-the-ground implementation.

Brazil, which consistently ranks near the top of the list the countries with high
absolute deforestation levels, has committed to restoring 12 million hectares as its
contribution to the challenge. This national commitment is driven by regional efforts,
including the Atlantic Forest Restoration Pact, which committed restoration of 15 million
hectares in the ecoregion by 2050 (Pinto et al., 2014).

Reforms to the country’s land management laws — the Forest Code and its
successor legislation — have resulted in measurable reductions in deforestation rates in the

Amazon region (Assungdo et al., 2013), although broader economic conditions in the
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country have contributed to a recent reversal in this trend. The conclusion of a national
effort to complete a rural land registry in 2017 is intended to stem further losses as well,
and provide a platform for coordinating large-scale restoration in other regions, such as
the Cerrado and the Atlantic Forest.

The Atlantic Forest, a biodiversity hotspot and center of most of Brazil’s
economic activity, retains only a small portion (11-16%) of its original vegetation,
primarily in small fragments (INPE and SOS Mata Atlantica, 2015). Reforestation efforts
must therefore accompany reforms aimed at minimizing deforestation. Active restoration
has been widely attempted in Brazil, but seed production and site maintenance are
expensive (Brancalion et al., 2012). Passive restoration — the recovery of native
vegetation through natural dispersal processes — is necessary to achieve national targets
for forest restoration. Research has provided some insight into the likelihood of forest
regeneration at the landscape-level (Rodrigues et al., 2011) and at finer spatial scales
(Rezende et al., 2015; Uezu et al., 2015), but information gaps remain with regard to
property-level factors that are difficult to observe but affect landscape dynamics.

Here we present the results of a spatial analysis of land cover change in three
municipalities in the Cantareira System of S3o Paulo state, Brazil. In addition to
examining changes in land cover, we incorporate property maps from the newly-available
Rural Land Registry (Cadastro Ambiental Rural — CAR, in Portuguese) using data from a
landowner survey conducted in 2015. These new data allow for examination of the

factors affecting natural regeneration at a finer-scale than has been previously attempted.
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Methods and Data

Drivers of forest loss and regeneration
Understanding the biophysical and anthropogenic factors that influence forest

cover, especially natural regeneration on degraded land, is necessary to plan context-
appropriate management actions. Ecological restoration is an emerging field, and early
lessons suggest that top-down and standardized approaches are unlikely to succeed (Holl
2017). This raises questions about whether active or passive approaches are best suited to
restore ecological function and ecosystem services (Chazdon, 2008) and provide cost
reductions while improving outcomes for biodiversity (Holl and Aide, 2011). Active
restoration approaches have high labor and material costs, which constrain project scale,
but are necessary where the intensity of past degradation or current land use will prevent
natural regeneration processes.

However, global reviews of restoration approaches using both active and passive
restoration approaches find that active restoration does not consistently result in a better
or more complete recovery on agricultural land (Meli et al., 2017). This has important
implications for restoration strategies in the Atlantic Forest. Rezende et al. (2015)
observed natural spontaneous regeneration of over 3,000ha in an agricultural landscape in
Rio de Janeiro state over a 36-year period. An equivalent area would require over US$15
million over several years if active restoration approaches were used.

A great deal of research has been devoted to the biophysical and anthropogenic
drivers of land cover change, especially to deforestation in tropical regions. Geist and
Lambin (2002) examined over 150 case studies of deforestation, and identified five broad

categories of drivers. Economic factors were the most frequently identified driver, with
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institutions and policies, technological drivers, and cultural and demographic factors
playing varied roles in deforestation. Subsequent research suggests that these drivers
continue to influence land cover change at national (Rudel et al., 2005) and local scales
(Freitas et al., 2010; Michalski et al., 2010).

There are a wide range of mechanisms through which socioeconomic and cultural
factors influence forest loss and regeneration. Laurance et al. (2002) identify proximity to
roads as an enabling factor for deforestation in the Brazilian Amazon, providing access
for conversion to pasture or crops. Quezada et al. (2014) observe similar patterns of
deforestation near roads in Guatemala, and note that rates of loss correlate with
advancement of public policies and economic forces that promoted expansion of
agriculture. Studies of natural regeneration note that proximity to roads is also correlated
with lower probabilities of expanding forest cover (Molin et al., 2017; Rezende et al.,
2015; Freitas et al., 2010).

Similarly, abandonment of agricultural activities was more likely to be observed
with increasing distance from roads and urban areas, leaving open opportunities for
regeneration of native vegetation. Newman et al. (2014) finds that while deforestation
rates in the Cockpit Country of Jamaica are highest where fragmentation has already
occurred due to roads and existing agriculture, reforestation is more likely to occur in
remote portions of the landscape. Similar spatial patterns of regeneration have been
observed in Brazil (Uezu et al., 2015; Rezende et al., 2015)

The geographic patterns are frequently correlated with socioeconomic factors. In

Jamaica, Newman et al. (2014) observe that wealthier properties are frequently closer to
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roads and on gentle terrain that is better suited for crops, and that the highly-sloped
portions of the landscapes that are more likely to show regeneration are occupied by
households with observable signs of lower wealth. They posit that land abandonment in
these areas, due to marginal production or more promising employment elsewhere, is one
explanation for forest regeneration.

However, smaller property sizes and lower wealth and status do not always show
similar effects on land cover change. In a field experiment of uptake of PES contracts in
Uganda, landowners with greater credit constraints were more likely to maintain trees as
a liquidity source for times of need (Jayachandran et al., 2016). Smaller properties in the
Brazilian Amazon were observed to have lower levels of forest cover than large
properties. Forest was maintained when it suited the suite of on-farm economic activity or
was located on unusable land (Michalski et al., 2010). This range of land cover patterns
suggest that there is an interplay between the productivity of land, household
characteristics, and access costs that affect the probability of natural regeneration.

Biophysical characteristics of land also influence patterns of forest regeneration.
Chief among these is the position of land within a matrix of various land cover types,
especially its proximity to existing native vegetation (Rezende et al., 2015; Newman et
al., 2014; Rodrigues and Gandolfi, 2007). Proximity to rivers is another important factor
(Molin et al., 2017), as are slope, solar radiation, and soil type (Uezu et al., 2015;
Rezende et al., 2015).

It is also important to note that trends in forest regeneration at the local level are

dynamic over time. These changes are frequently associated with shifts in agriculture,
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such as policies to encourage expansion or abandonment of marginal lands, and may be

difficult to forecast.

Study area
The Cantareira System is the primary drinking water reservoir system for the Sdo

Paulo metropolitan area — the largest urban agglomeration in South America (Whately
and Cunha, 2007). The basin comprises 230,000 hectares in the states of Sdo Paulo and
Minas Gerais (Figures 1 and 3), and has the capacity to store water for over 10 million
people (Tafarello et al., 2016).

The Cantareira System lies entirely within the Atlantic Forest ecoregion, a
biodiversity hotspot that extends along the eastern coast of Brazil and harbors globally
significant levels of plant and animal diversity (Myers et al., 2000). Only 11-16% of the
native vegetation of the Atlantic Forest remains (INPE and SOS Mata Atlantica, 2015).
Over 80% of this forest cover is found in fragments of less than 50 hectares (Ribeiro et
al., 2011).

Land cover change was analyzed for three municipalities — Nazaré Paulista,
Piracaia, and Joanopolis — that contain the majority of the Cantareira’s extent within Sao
Paulo state (Figure 2). All of the municipalities have low populations and large rural
areas, with a high percentage of the population engaged in agricultural production (Table
13). Pasture for cattle and eucalyptus for pulp and charcoal comprise the majority of
agricultural activity in the study municipalities (Sdo Paulo State Agricultural Extension

Service, 2008).
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Table 13. Population data for study municipalities (Source: IBGE Census 2010, State of Sdo Paulo Agricultural
Census, 2008)

Population Cattle Farmers  Eucalyptus
Growers
Joanopolis 11,768 745 431
Nazaré Paulista 16,414 488 377
Piracaia 25,116 649 349

Data Sources
Land cover was drawn from Landsat 5 TM imagery from the years 1990, 2000,

and 2010, with a pixel size of 30m (Molin et al., 2015). These images were classified into
seven classes: 1) crops, 2) native vegetation, 3) forest plantations, 4) water bodies, 5)
pasture, 6) urban areas, and 7) perennial crops. Classifications of Landsat imagery were
verified through field visits in 2015. In addition to identifying land cover type, three age
classes of native vegetation were determined for the 2010 observation (2 years, 22 years,
and 32 years). Other data sources on biophysical and anthropogenic factors used in the
analysis are summarized in Table 14.

Spatial data for registered properties was accessed through the Rural Land
Registry database for the state of Sdo Paulo. The Rural Land Registry (Cadastro
Ambiental Rural — CAR) has been incrementally expanded to enforce the land use
mandates of the Forest Code, and under the 2012 Native Vegetation Protection Law

penalties are incurred for unregistered properties (Brancalion et al., 2016). Data on
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property location, size, and land cover are publicly available through the state ministries

responsible for registration (SIGAM-SP, 2016).

Table 14. Variables used for analyzing land cover change.

Variable Data set Type Source
Land use 1990, 2000, 2010 Anthropic/biophysical Molin et al. (2015)
LANDSAT

Soil type Map of soils Biophysical de Oliveira (1999)

Distance to water Hydrology map Biophysical IBGE (2010, 2013)

(m)

Distance to forest 1990, 2000, 2010 Biophysical Molin et al. (2015)

(m) LANDSAT

Mean annual Pluviometric map Biophysical Woltzenlogel

rainfall (mm) (1990)

Slope (degrees) ASTER DEM Biophysical NASA and METI
(2011)

Altitude (m) ASTER DEM Biophysical NASA and METI
(2011)

Distance to urban Raster data Anthropic Converted from

areas Molin et al. (2015)

Distance to Raster data Anthropic Converted from

highways

IBGE data

Socioeconomic data was collected through in-person interviews with 202

landowners from September-November 2015. The interviews included questions about

property characteristics, agricultural production, and household characteristics, including

whether the property was registered in the CAR system and the length of tenure (for full

questionnaire, see Appendix 3). Property locations were recorded using GPS as part of

the interview process, and later matched with CAR data downloaded from the SIGAM

system. Of the original 202 interviews, 105 reported registration in the CAR and were
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matched with corresponding properties in the online system. Interview data was linked to

the land cover data described above to analyze natural regeneration at the property level.

Research Questions and Methods
Evaluation of land cover change and associated factors was conducted in several

steps. An overall analysis of land cover change, including forest regeneration, was run for
the study municipalities over 2 time periods (1990-2000, 2000-2010) in ArcGIS and Stata
13 to determine the overall characteristics of the study area and the net transitions across
the land use types over the study period.

Following this analysis, generalized linear models were constructed to evaluate
factors associated with forest regeneration. There is no standardized approach for
evaluating the determinants of forest regeneration. The literature includes a range of
methods for identification of variables and for analysis (Moreno-Fernandez et al., 2015).
Frequently used analyses include non-parametric approaches (e.g., Weights of Evidence
(WoE) or regression trees) (Soares-Filho et al., 2002; Rezende et al., 2015; Molin et al.,
2017) and regression models (Moreno-Fernandez et al., 2015; Michalski et al., 2010).

We used logistic regression to examine the relationships between biophysical and
anthropogenic factors and the likelihood of forest regeneration. A regeneration variable
was created for both time periods by generating a dummy variable in Stata for pixels that
transitioned to forest from non-forest land uses across time periods. Raster data on the
age of a forest at the end of the period was used to verify that forest was in a regrowth
stage appropriate to the ten-year time periods. Pixels classified as urban areas and water

bodies were omitted from the analysis.
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Regression models were evaluated based on their log-likelihood values and
information criteria (AIC and BIC). Tests of linearity resulted in three distance variables
(to watercourses, native forests, and transportation) being log-transformed for the model
runs. Three models were ultimately constructed for each time period. The first restricted
variables to biophysical factors, the second used only anthropogenic variables, and the

third combined all variables.

Results

Land cover dynamics in the study period
Land cover distributions are presented in Table 15 and Figure 5 for each of the

three years in which observations occurred. Pasture area declined substantially over the
study period, and the spatial extent of commercially-managed plantations increased by
more than 100%. Crop cover showed very little change in area. Urban areas expanded by
approximately 25%, although their footprint remained small (~1% of the study area).
Native vegetation cover in the study area in much higher than average for the Atlantic
Forest, and it was not observed in less than 37% of the study region at any time period.
Over the full 20-year study period, native vegetation underwent a reduction in
area, followed by a recovery. This trend is complicated somewhat by the age of the native
vegetation. Regenerated vegetation (trees > 2 years old) covered 13.41% of the study area
in the 2010 LANDSAT imagery. The absolute gain over the 2000-2010 period is smaller
(8.1% of the total area), and so some of this observed regrowth is also the product of

deforestation at some point during the 2000-2008 time period when data is unavailable.
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Links between biophysical factors and native vegetation regeneration
Results of the logistic regression are presented in Table 16 for the 2000-2010

period and Table 17 for the 1990-2000 period. Three models are shown for both time
periods: 1) a model including all biophysical variables, 2) a model using the two coarse
distance-to-anthropogenic feature variables, and 3) a joint model including all of the

variables. Log-transformations of some distance variables are noted in table descriptions.

Table 15. Land cover (% of total) in the study area in 1990, 2000, and 2010.

1990 2000 2010
Crops 10.25 10.12 10.41
Native Vegetation 42.03 37.25 45.35
Commercial Fore‘st 593 11.42 13.81

(eucalyptus/pine)

Water bodies 437 4.67 5.29
Pasture 37.13 35.26 23.84
Urban 0.99 1.21 1.24

Increasing distance from watercourses had strong negative effects on the
likelihood of regeneration in both time periods. The effect of Soil types 5 and 8 were
negatively associated with the likelihood of regeneration relative to the base (Type 1).
Although type 2 was negatively associated with regeneration in the 2000-2010 time
period relative to type 1, but was positively associated with regeneration the 1990-2000
biophysical model. However, the distribution of soils across the landscape may confound
the results, as types 5 and 8 are much more common in the study area (41.5% and 50.6%

of the land area, respectively).
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C) 2010

Figure 5. Land cover maps from the study periods.
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Slope showed a positive effect on regeneration in the 1990-2000 model, but
negative for 2000-2010. Coefficients for precipitation were small for both models (and
not significant at the .05 level for 2000-2010). Altitude was positively associated with

regeneration from 2000-2010, and negatively associated during the 1990-2000 period.

Potential effects and data limitations regarding anthropogenic factors
Regeneration is less likely to occur in close proximity to drivers of development

and deforestation, such as roads and towns (Uezu et al., 2015; Michalski et al., 2010).
However, a model solely comprised of these two factors provides little explanatory
power regarding the probability of forest regeneration in the study area. In the
anthropogenic model only distance to highways and urban areas are included, and as
distances increase the probability of regeneration declines. However, it should be noted
that the urban areas in the study municipalities are small, and the highways layer used in

this analysis was limited, which may homogenize effect at a landscape level.

Suitability of a joint model
Results from the joint model are listed in column 3 of Tables 4 and 5. Generally,

they are similar in scope and magnitude to the other models in the same time period. The
combination of biophysical and anthropogenic variables into a single model improved the
quality of the model, as measured by log-likelihood, AIC, and BIC. The Stata
postestimation package for receiver operating characteristics (ROC) also reported the
greatest explanatory power for the joint model. As in the biophysical and anthropogenic

models, this indicator was relatively low. The area under the ROC curve was 0.633 for
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the joint model, which was greater than the areas for the biophysical model (0.616) and

anthropogenic factor model (0.568). Values using this metric range from 0.5 to 1.

Table 16. Regression results for the 2000-2010 time period.

(1) ) 3)
VARIABLES Biophysical Anthropogenic Joint
Dryaro -0.383 %% -0.348%%*
(0.00443) (0.00452)
Drorest2000 -0.24 5% -0.204% %%
(0.00455) (0.00463)
Soils
Type 2 -0.450%** -0.800%***
(0.0304) (0.0307)
Type 5 -0.0198 -0.327%**
(0.0199) (0.0204)
Type 8 -0.172%** -0.278%**
(0.0196) (0.0197)
Slope -0.00259%*** -0.00577%***
(0.000218) (0.000222)
Precipitation -0.000698*** -0.00137%***
(3.41e-05) (3.52¢-05)
Altitude 0.000101%** -0.000308***
(3.00e-05) (3.05¢-05)
Durban2000 5.77e-05%** 8.00e-05%**
(7.83e-07) (9.35¢-07)
Droads -0.0640%*** 0.0443%%**
(0.00528) (0.00578)
Constant 0.779%** -1.628%** 1.696***
(0.0466) (0.0158) (0.0478)
Observations 694,489 694,489 694,489
Log-likelihood -329699 -333207 -325538
AIC 659416.9 666419.4 651098.5
BIC 659520 666453.7 651224.4

Standard errors in parentheses''
*EE p<0.01, ** p<0.05, * p<0.1

"' For the variables, Duyqro 1 the log;o distance to the nearest watercourse, Drorest2000 1S the logig
distance to the nearest native vegetation at the start of the time period, Soils are dummy variables
of the soil types from Woltzenlogel (1990), with the coefficient for Type 1 constrained to 0,
Durban2000 and Dro,gs indicate distances to urban areas (m) at the start of the time period and log;o-

transformed distance to highways, respectively.



Table 17. Regression results for the 1990-2000 time period.

(1) (2) 3)
VARIABLES Biophysical Anthropogenic Joint
Dryaro -0.372%3%:* -0.347%%x*
(0.00493) (0.00500)
Drorest1990 0.462%** 0.498***
(0.00497) (0.00503)
Soils
Type 2 -0.617%** -0.862%**
(0.0342) (0.0347)
Type 5 -0.28 1%*** -0.505%**
(0.0226) (0.0232)
Type 8 -0.173%** -0.238%**
(0.0221) (0.0221)
Slope 0.00921 *** 0.00700%**
(0.000238) (0.000242)
Precipitation -0.000650*** -0.00125%**
(3.90e-05) (4.02¢-05)
Altitude 0.00185%** 0.00163%**
(3.30e-05) (3.30e-05)
Durbanl990 3.21e-05%** 5.31e-05%**
(9.04e-07) (1.12e-06)
Droads 0.117*** 0.123%**
(0.00642) (0.00688)
Constant -2.843%%* -2.571%%* -2.348%**
(0.0527) (0.0195) (0.0537)
Observations 775,976 775,976 775,976
Log-likelihood -276820 -284123 -275226
AIC 553658.7 568251.2 550474.3
BIC 553762.8 568285.9 550601.5

Standard errors in parentheses'”
*E* p<0.01, ** p<0.05, * p<0.1

2 For the variables, Duyqro 1 the log)o distance to the nearest watercourse, Droresti990 1S the logig
distance to the nearest native vegetation at the start of the time period, Soils are dummy variables
of the soil types from Woltzenlogel (1990), with the coefficient for Type 1 constrained to 0,
Durban1990 and Dro,gs indicate distances to urban areas (m) at the start of the time period and log;,-
transformed distance to highways, respectively.
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Evaluation at the property level
Following the analysis of the full extent of the study municipalities, the sample

was restricted to the properties where interviews had been conducted in 2015. A total of
105 properties were included, covering 4,118 hectares. Properties were included in the
analysis if the owner of the property reported ownership for over 15 years in the survey.
The distribution of land cover types in the property-only sample is described in Table 18.
Compared to the entire study region, CAR-registered properties contained significantly

lower levels of native vegetation, and much higher levels of crop and pasture cover.

Table 18. Land cover in the surveyed CAR-registered properties in 2010.
% of total

Crops 14.93
Native Vegetation 29.33
Commercial Forest
. 9.53
(eucalyptus/pine)

Water bodies 0.24
Pasture 45.96
Urban 0.02

The effects of biophysical and anthropogenic variables on the probability of
regeneration within the surveyed properties was not substantially different from the 2000-
2010 output, despite the much smaller sample size (Table 19). The inclusion of property

size resulted in only small changes in the magnitude of the coefficients of the landscape-
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level variables. Increasing property sizes had a positive and significant effect at the
a=0.05 level.

Evaluating forest age and extent across different property sizes suggests that other
unobservable property-level factors may be affecting regeneration. Dividing the sample
of properties at the median (~68 hectares) reveals that the subset of large properties has a
higher proportion of forest cover (33% vs. 25%), and the distribution of forest ages is
skewed heavily toward the highest age class (32 years) that could be classified using the

LANDSAT images.

Discussion
These results raise several issues regarding the history of land use in the study

region, the challenges of using regression models to analyze land use change, and the
potential value of property-level data to guide research and policy related to restoration

ecology.

Changing patterns of land cover
Patterns of land use in the study municipalities have been dynamic throughout the

study period (Figure 5). Chief among these shifts in land use are the expansion of
commercial eucalyptus plantations and the more recent transition of large amounts of
pasture to native vegetation. Unlike pasture, which has low productivity on steep slopes
and at high altitudes in the Cantareira region, eucalyptus grows rapidly in most
landscapes within the study area. The limited labor requirements for maintenance and the
relatively low transportation costs to urban consumer markets in S3o Paulo made

plantations attractive investments, and likely depressed regeneration success during the

76



1990-2000 time period on slopes and high altitudes where land abandonment would be
expected to facilitate regrowth (Uezu et al., 2015).

The decline in pasture is likely correlated with demographic and economic trends
within the basin. Many interviewed landowners, all of whom maintained pasture, were at
or near retirement age in Brazil. Labor constraints were frequently reported, as younger
generations sought opportunities in growing industries in the nearby cities of the Sao
Paulo and Campinas metropolitan areas (Richards et al., 2017). Development of chdcaras
— weekend or retirement properties for residents of the major metropolitan areas of Sdo
Paulo state — is increasingly common in the study area as cattle producers sell or
subdivide properties. This demand for rural property, along with an aging agricultural
workforce, is likely to affect land use in the future, with uncertain consequences for

natural regeneration processes.

Omitted variables and data constraints
Evaluative measures (log-likelihood, AIC, and BIC) and postestimation

procedures (receiver operating characteristic (ROC) analysis and specification link tests)
suggest that the models described above have limited explanatory power. This is
attributable to data constraints, the complexity of landscape level analysis, and the limits

of regression models for explaining stochastic events.
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Table 19. Regression results for models using the surveyed CAR properties sample in the 2000-2010 time period.

(1) () 3) Q)
VARIABLES Biophysical Anthropogenic Joint Joint + Area
Dtiydro -0.554%%* -0.518%** -0.515%**
(0.0218) (0.0221) (0.0222)
Drorest2000 -0.506%** -0.488%** -0.485%**
(0.0241) (0.0244) (0.0244)
Soils
Type 2 -1.346%** -1.440%** -1.437%%*
(0.233) (0.236) (0.236)
Type 5 -0.862%** -0.933%** -0.930%**
(0.135) (0.138) (0.138)
Type 8 -1.230%** -1.128%*** -1.146%**
(0.134) (0.136) (0.137)
Slope 0.000835 -0.00188 -0.00200*
(0.00117) (0.00119) (0.00119)
Precipitation -0.00267*** -0.00392%** -0.00395%**
(0.000197) (0.000224) (0.000225)
Altitude 0.00318%** 0.00224 % 0.00219%**
(0.000185) (0.000195) (0.000198)
Durban2000 7.62e-05%** 5.17e-05*** 5.25e-05***
(5.72e-06) (7.31e-06) (7.35e-06)
Droads 0.0682** 0.376%** 0.387%#**
(0.0313) (0.0448) (0.0454)
Areaproperty 0.000268*
(0.000138)
Constant 1.950%** -2.539%** 3.308%#* 3.332%4*
(0.281) (0.0896) (0.293) (0.293)
Observations 37,076 37,076 37,076 37,076
Log-likelihood -12701 -13257 -12598 -12596
AIC 25419.07 26519.65 25217.94 25216.21
BIC 25495.75 26545.21 25311.66 25318.46

Standard errors in parentheses'”
*EE p<0.01, ** p<0.05, * p<0.1

B For the variables, Duyqro 1 the logjo distance to the nearest watercourse, Drorest2000 1S the logig
distance to the nearest native vegetation at the start of the time period, Soils are dummy variables
of the soil types from Woltzenlgel (1990), with the coefficient for Type 1 constrained to 0,
Durban2000 and Droags indicate distances to urban areas at the start of the time period and log;-
transformed distance to highways, respectively. Property area is calculated in hectares.
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As an example, the positive coefficients for distance to roads and urban areas to
probabilities of forest regeneration reflect broader conclusions from past research on
spatial determinants of deforestation, that land closer to towns and roads is likely where
deforestation is ongoing. However, incomplete spatial datasets inhibit observation of
patterns of development affecting regeneration. The dataset for highways, which is
maintained by the Brazilian federal government, does not include smaller roads built and
maintained by the state, municipalities, or private groups. Given the importance of roads
to land cover change elsewhere (Laurance et al., 2002) it is logical that they play a greater
role in land cover dynamics in the study area as well, and are correlated with pasture and
urban land use. New datasets are being developed to address this gap. IPE (Insituto de
Pesquisas Ecoldgicas — Ecological Research Institute, in English) has developed a map of
smaller roads for the Cantareira, but it does not cover the full extent of the study
municipalities and so was omitted from this analysis (Uezu, pers. comm.).

The timing of observations and local events that affect land cover change present
an additional challenge to this type of research. LANDSAT data and other satellite
imagery have achieved greater coverage and higher resolution in recent years, but longer
time series are limited by the available technology in 1990. These snapshots also result in
large gaps in which ordered events that have significant effects on land cover are
unobservable. These events, and their relationships with other dynamic landscape
features, are difficult to capture in regression models. Other approaches, such as

regression trees, may provide better clarity on the relative importance of certain variables.
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Potential value in property-level data
The inclusion of property data has been used elsewhere in Brazil (Michalski et al.,

2010), but to our knowledge the property maps from the CAR system have not been
utilized to evaluate land cover change in the Cantareira region, and have only
infrequently been used in the Atlantic Forest. This new dataset is very useful for
enforcement of land use regulations, and in some cases it may be useful for testing
models of landscape dynamics. In this study the CAR data provide some useful
extensions to past work, but the temporal discrepancies limit the depth of an analysis.
Despite the possession of granular household and production data from the 2015 survey,
the only application of these data for this research is to restrict the sample of CAR
properties to those that have been owned by the same family for 15 years, to link property
delineations to older time-series data on land cover. Other production factors that likely
affect regeneration, such as pasture management approaches and the dependence on on-
farm income sources, are not captured here for the full study period.

Despite the restrictions on some data sources, the observations from the study are
relevant to ongoing conservation activity within the region. The Cantareira System has
been a priority for forest restoration in the Atlantic Forest since at least 2005, when the
first payments for ecosystem services (PES) program, Conservador das Aguas (Water
Conservator), was conceptualized in Extrema, a municipality in Minas Gerais state
(Richards et al., 2015). In the ensuing years, several other PES programs and initiatives
targeting restoration on agricultural properties have been conducted in the region. The
water crisis of 2013-2014 (Taffarello et al., 2016) and the completion of the CAR

registration, with its penalties for non-compliance, will likely rekindle interest in forest
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restoration. Information on natural regeneration can aid development of cost-effective

strategies to maximize future investments in restoration.

Conclusion
Natural regeneration in the Sdo Paulo portion of the Cantareira System is

influenced by a range of factors, and their relative importance has changed over time.
While the shifts toward eucalyptus and abandonment of pasture may not be ubiquitous
throughout Brazil, the general conclusions of this project support other research that
emphasize the importance of watercourses and existing forests as enabling factors for
forest expansion.

The patterns of regeneration across the subset of CAR-registered properties are
valuable for future conservation strategies in the region. Payments for ecosystem services
programs and other incentives to promote preservation and recovery of native vegetation
on private land have received a great deal of attention in the region, but incentive design
and recruitment remain an issue (Richards et al., 2017). Understanding where
regeneration is likely to occur, and where forests persist on private land, is beneficial to
tailor incentives and target programs to specific areas and groups where reforestation

offers the greatest return.
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CONCLUDING THOUGHTS

The ecological and ecosystem service value of the Canatareira region places it
high on the list of priority areas within Brazil for forest restoration, and makes it a likely
target for future PWS efforts. Any future effort should account for the social, economic,
and ecological issues presented in this study in order to increase its impact.

The first chapter noted that incentives for enrolling in existing PWS programs do
not address the needs of landowners who would not otherwise participate in forest
restoration on their land. In addition, the legal penalties (e.g., credit restrictions) that are
intended to encourage compliance with land use laws may operate as intended for large-
scale producers elsewhere in the country, but is unlikely to have an effect on smaller
landowners in the Cantareira, due to issues of scale and trust. As a result, enrollment will
require substantial investments at project initiation, possibly limiting the gains of PWS as
a concept.

The second chapter identifies incentive designs that may encourage greater uptake
of PWS contracts. In-kind contributions, specifically fencing to intensify cattle
production, have a strong appeal, especially among family farmers who would ideally be
targeted by PWS. However, interest in PWS contracts is influenced by property

characteristics. Because of the structure of Brazilian land use laws, which require forest

82



restoration in riparian areas, the impact of PWS is heterogeneous at the property-level. In
light of this complexity, strategic targeting is necessary.

Targeting should also account for trends in land cover change. The land cover
dynamics of the region have shifted significantly over the last 30 years, as pasture,
eucalyptus, and migration from S3ao Paulo have fluctuated over time. More recently
trends have shifted toward higher levels of forest cover and abandonment of pasture for
eucalyptus or native forest. Insights into drivers of these trends will improve in the future
as publicly-available property registries provide additional land use data at finer scales.
Property-level data in this study suggest that forest ages are lower on smaller properties,
and that regeneration may be temporary when landowner face spatial constraints.

The patterns of forest regeneration suggest that PWS programs in the Cantareira
should target small landowners. Results from the policy analysis and choice experiment
indicate that targeting these landowners will require thoughtful revisions to contract
design. Greater positive incentives will be necessary, and the high levels of selection for
the status option in the choice experiment suggest that, as in pilot PWS in the region,
significant administrative costs will be necessary for landowner recruitment. As a result,
future research efforts should seek to prioritize the regions in the Cantareira System
where natural regeneration is less likely and ecosystem service values (e.g., avoided

erosion) are higher in order to maximize the impact of PWS investments.
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Appendix 3 - Focus group questions for farmers and agronomists
Questions for agronomists

1.

10.

11

What is more important for productivity — capital investments or technical
knowledge?
a. How does technical knowledge affect productivity?

What are the most important land characteristics for cattle production?

What laws and regulations aid or slow land use change by landowners?

Development in the Cantareira region is affected by real estate speculation and
proximity to Sdo Paulo. Where does this impact occur? Close to urban areas, or on
old properties with low productivity that are more likely to be sold?

How do agricultural activities change spatially in the region? Do neighbors typically
practice the same types of agriculture as their neighbors? What affects these decisions
(e.g., land characteristics, culture, something else)?

Why do people become cattle producers in this region?

What types of production occur on rural properties in the region — is it family
agriculture or does it depend on hired labor?

What are the challenges to selling products in the market?

What investments are needed for milk production in the region? How is this different
from beef production?

What agricultural activity has the greatest variation in revenue? How stable are

market prices for beef/milk and other products?

a. Sometimes producers shift from milk to beef and back. What is the reason for
these shifts?

. How do property owners pay for improvements or for emergencies? Are loans

available? Or government support?
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12. Are cattle sold during financial difficulties? How often does this occur?

Questions for farmers

1. What are the motivations for people to work with cattle in the region?

2. What factors affect productivity in the region?

3. What are the most important characteristics of land for cattle production?

4. What factors determine agricultural activities in the region (e.g., distance to market)?
a. Do neighbors practice the same types of agriculture? What affects this? Is is
culture, history, land characteristics, or something else?

5. What three factors have the greatest impact on income from agriculture?

6. How stable are market prices for beef and milk?

7. What financial investments are needed for milk production?

8. What are the challenges for selling your products in the market?

9. How do landowners pay for improvements or emergencies? Are loans available? Or
government support?

10. How do government policies affect annual income on your property? What policies
have the greatest impact? Are they federal, state, or municipal policy?

11. Are cattle sold during financial difficulties? How often does this occur?

Is robbery of cattle or products common? Have you or a neighbor experienced this?
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Appendix 4 - Distribution of direct and inferred valuation responses

Direct | Inferred
Group Choice | Choice
No. Set | No. | Years | Payment | Restoration | Voisin | (%) (%)

1| 11|11A 20 350 15 0 225 23.1
1| 11|11B 10 250 20 1 26.5 25.6
1| 11| 11C 0 0 0 0 51.0 51.3
1| 12| 12A 5 250 5 1 63.3 43.6
1| 12|128B 20 150 15 0 10.2 25.6
1| 12| 12C 0 0 0 0 26.5 30.8
1] 13 |13A 5 150 15 0 14.3 20.5
1| 13|13B 10 250 20 1 30.6 25.6
1| 13 |13C 0 0 0 0 55.1 53.8
1| 14| 14A 10 250 15 0 16.3 30.8
1| 14| 148B 20 150 5 1 44.9 33.3
1| 14| 14C 0 0 0 0 38.8 35.9
1| 15| 15A 10 150 20 0 8.2 23.1
1| 15| 15B 5 350 15 1 40.8 20.5
1| 15| 15C 0 0 0 0 51.0 56.4
1| 16| 16A 20 150 5 0 245 30.8
1| 16| 16B 5 250 20 1 28.6 25.6
1| 16| 16C 0 0 0 0 46.9 43.6
2| 21|21A 20 350 20 1 28.3 29.2
2| 21|21B 5 250 5 0 32.6 51.2
2| 21]|21cC 0 0 0 0 39.1 19.5
2| 22| 22A 20 150 20 0 15.2 21.9
2| 22|22B 10 350 15 1 43.5 43.9
2| 22|22C 0 0 0 0 41.3 34.1
2| 23|23A 5 250 20 0 17.4 26.8
2| 23|23B 10 350 5 1 56.5 61.0
2| 23|23C 0 0 0 0 26.1 12.2
2| 24| 24A 10 350 20 1 28.3 29.3
2| 24|24B 5 250 15 0 17.4 34.1
2| 24|24C 0 0 0 0 54.3 36.6
2| 25| 25A 5 350 5 1 54.3 63.4
2| 25| 25B 10 150 15 0 15.2 21.9
2| 25]|25C 0 0 0 0 30.4 14.6
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Direct | Inferred
Group Choice | Choice
No. Set | No. | Years | Payment | Restoration | Voisin | (%) (%)

2| 26| 26A 10 150 15 1 37.0 36.6
2| 26]|26B 5 350 20 0 17.4 26.8
2| 26|26C 0 0 0 0 45.6 36.6
3| 31|31A 10 250 5 0 313 31.6
3| 31|31B 20 350 15 1 25.0 43.9
3| 31]31C 0 0 0 0 43.7 24.5
3| 32(32A 20 250 15 0 16.7 19.3
3| 32|32B 5 150 5 1 354 50.9
3| 3232C 0 0 0 0 47.9 29.8
3| 33|33A 20 250 5 0 31.2 33.3
3| 33|33B 10 350 15 1 25.0 40.4
3| 33|33C 0 0 0 0 43.8 26.3
3| 34|34A 10 350 5 0 39.6 42.1
3| 34|34B 5 150 20 1 12.5 24.6
3| 34]34C 0 0 0 0 47.9 33.3
3| 35]|35A 5 150 5 1 29.2 52.6
3| 35|35B 20 250 20 0 16.7 17.6
3| 35]|35C 0 0 0 0 54.1 29.8
3| 36|36A 20 250 5 1 313 49.1
3| 36|36B 5 350 15 0 18.7 22.8
3| 36]36C 0 0 0 0 50.0 28.1
4| 41| 41A 20 350 20 1 304 26.9
4| 41 |41B 10 150 5 0 41.3 40.4
4| 41 |41C 0 0 0 0 28.3 32.7
4| 42| 42A 10 350 5 0 41.3 48.1
4| 42428 5 150 20 1 23.9 25.0
4| 42 |42C 0 0 0 0 34.8 26.9
4| 43 |43A 20 350 5 0 45.7 40.4
4| 43 |43B 10 150 15 1 304 34.6
4| 43 |43C 0 0 0 0 23.9 25.0
4| 44 | 44A 20 250 5 1 45.7 44.2
4| 44 | 44B 5 350 20 0 28.3 25.0
4| 44 |44C 0 0 0 0 26.1 30.8
4| 45| 45A 20 250 15 1 304 30.8
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Direct | Inferred
Group Choice | Choice
No. Set | No. | Years | Payment | Restoration | Voisin | (%) (%)
4| 45| 45B 5 150 20 0 21.7 21.2
4| 45 |45C 0 0 0 0 47.8 48.1
4| 46 | 46A 5 250 15 1 32.6 34.6
4| 46 | 46B 10 350 20 0 26.1 23.1
4| 46 | 46C 0 0 0 0 41.3 42.3
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Appendix 5 - Socioeconomic and property characteristics of farmers,
split by selection of at least one contract in the direct valuation section.

Contract-selecting Status Quo
Farmers Farmers
Mean Std. Dev. Mean Std. Dev.
Gender (proportion 0.84 -- 0.846 --
male)
Age (years) 53.93 13.5 55 14.46
Education (years) 7.51 5.27 7.89 6.23
Household Size 4.3 3.93 3.62 3.22
No. children/retired 1.62 1.72 1.72 1.78
Monthly income'*
<1 0.04 -- 0.102 --
1-3 0.493 -- 0.513 --

4-10 0.367 -- 0.231 --

>10 0.1 -- 0.154 --
Off-farm income 55.41 37.25 72.89 36.52
(%)
Hectares 4548 66.57 28.57 31.72
Spring Density 0.127 0.21 0.09 0.116
(no./ha)
River Density 26.16 36.92 46.77 100.27
(meters/ha)
Pasture Cover (%) 65.67 26.8 63.26 24.9
Forest Cover (%) 15.51 14.51 18.10 18.61
Area with slope
>30°
<30% 69.33 -- 69.23 --
30-60% 16 -- 17.95 --
60-90% 10.67 -- 10.26 --
>90% 4 -- 2.56 --

' Categories relative to monthly minimum wage, R$788 (approx. US$230)
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Appendix 6 - Log-likelihood, AIC, and BIC values for mixed logit models

(Note: 50 Halton draws)
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