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A B S T R A C T

Limited funding is a major barrier to implementing ambitious global restoration commitments, so reducing
restoration costs is essential to upscale restoration. The lack of rigorous analyses about the major components
and drivers of restoration costs limit the development of alternatives to reduce costs and the selection of the most
cost-effective methods to achieve restoration goals. We conducted detailed restoration cost assessments for the
three most widespread biomes in Brazil (Amazon, Cerrado, and Atlantic Forest) and estimated the restoration
costs associated with implementing Brazil’s National Plan for Native Vegetation Recovery (12M hectares). Most
surveys (60–90%) reported using the costly methods of planting seedlings or sowing seeds throughout the site,
regardless of the biome. Natural regeneration and assisted regeneration approaches were an order of magnitude
cheaper but were reported in< 15% of projects. The vast majority of tree planting and direct seeding costs were
incurred during the implementation phase, and nearly 80% of projects ended maintenance within 30 months.
We estimated a price tag of US$0.7-1.2 billion per year until 2030 to implement Brazil’s restoration plan de-
pending on the area that recovers through natural regeneration. Our results offer valuable insights for devel-
oping strategies to make restoration cheaper and to increase its cost-effectiveness for achieving diverse benefits
in Brazilian ecosystems. Our survey also provides a starting point for sound assessments of restoration costs and
their drivers in other biomes, which are needed to reduce the financial barriers to scaling up restoration at a
global scale.

1. Introduction

Regional and international commitments have mobilized un-
precedented political support to restore hundreds of millions of hectares
throughout the globe, mainly where biodiversity persistence and
human wellbeing have been threatened by degradation and un-
sustainable use of natural resources (Menz et al., 2013; Holl, 2017). The
knowledge base to support large-scale restoration programs is ex-
panding rapidly and provides evidence of the benefits and limitations of
restoration to recover species and ecosystem services (Benayas et al.,
2009; Maron et al., 2012; Moreno-Mateos et al., 2017); the pros and
cons of different restoration approaches (Shoo et al., 2016; César et al.,
2017; Crouzeilles et al., 2017); the importance of landscape planning to

maximize outcomes (Birch et al., 2010; Brancalion et al., 2019;
Strassburg et al., 2019); and the key role of governance for successful
programs (Guariguata and Brancalion, 2014; Budiharta et al., 2016).
Despite these advances, restoration advocates are still unable to answer
one of the first and most important questions that policy makers and
investors ask: How much does it cost?

Discussions of the costs and benefits of ecosystem restoration have
advanced in recent years (e.g. De Groot et al., 2013; Iftekhar et al.,
2017; Rohr et al., 2018). Most previous studies, however, are based on
generic restoration cost estimates and lack detailed analyses of the
components and drivers of restoration costs. Restoration is a complex
activity involving several costs components. The total amount needed is
difficult to quantify and predict (Holl and Howarth, 2000), given that
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restoration projects rarely go exactly as planned so contingency funds
are needed to undertake corrective actions. Restoration implementation
costs vary widely, especially between passive (e.g. natural regenera-
tion) and active (e.g. tree planting) restoration approaches (Holl and
Aide, 2011; Brancalion et al., 2016b). The way these restoration ap-
proaches are implemented also affects costs, depending on the opera-
tional procedures (e.g. mechanized or manual site preparation, use of
herbicides), species used (e.g. easily produced pioneer species or high
conservation value species with expensive seeds; Brancalion et al.,
2018), extent of site preparation needed to improve degraded biophy-
sical conditions (Chazdon, 2008), and duration of ongoing project
maintenance. Despite the challenges of estimating restoration costs,
robust financial information is essential to support program planning
and management for the aforementioned commitments, as well to at-
tract investments from the private sector (Brancalion et al., 2017).
Whereas high restoration costs are commonly cited as a primary barrier
to scaling up restoration, the lack of rigorous analyses about the major
components and drivers of restoration costs limit efforts to develop and
implement more cost-effective alternatives (Holl and Howarth, 2000).

Here, we provide a country-wide analysis of terrestrial restoration
costs across diverse ecosystems and degradation conditions in Brazil,
the fifth largest and the most biodiverse country in the world. We
quantified the costs to restore the largest Brazilian biomes, which en-
compass a range of biophysical and socioeconomic conditions. In ad-
dition, we estimated the restoration costs associated with implementing
Brazil’s National Plan for Native Vegetation Recovery (PLANAVEG,
acronym in Portuguese), which aims to restore 12 million hectares by
2030. Although restoration costs vary substantially from country to
country, our assessment provides valuable insights on the major com-
ponents and drivers of restoration costs, which in turn helps to develop
innovations and policies to make restoration more cost-effective
(Brancalion and van Melis, 2017) and to prioritize where to spend
limited restoration funds (Torrubia et al., 2014).

2. Methods

2.1. Gathering information on restoration methods, activities, and inputs

In order to obtain a comprehensive overview of restoration costs, we
first characterized the methods used to restore terrestrial ecosystems in
Brazil along with the associated activities and inputs (Fig. S1). This
characterization was based on an online survey of restoration practi-
tioners who plan and manage restoration projects in all Brazilian
biomes (Appendix S1). Given the low representation of some biomes in
the initial responses (Pampas/grassland=1; Pampas/forest= 1;
Pantanal= 1; Caatinga= 3), we focused our analyses in the Atlantic
Forest (32), Cerrado (Savanna=12, Forest= 7), and Amazon (7)
biomes (Fig. S2), which account for 86.2% of the Brazilian territory. We
disseminated the online survey in two campaigns on the Facebook page
of the Brazilian Network of Ecological Restoration (Isernhagen et al.,
2017), which had 612 members at the time, and announced it on the
institutional webpages and e-mail lists of The Nature Conservancy
Brazil and The Atlantic Forest Restoration Pact. We also compiled a list
of professionals, organizations, and companies doing restoration based
on information from The Nature Conservancy, the Ministry of En-
vironment, the Brazilian Agricultural Research Corporation
(EMBRAPA, 1997), and the Institute for Applied Economic Research
(Ipea). This list was complemented by using a “snowball” approach; a
total of approximately 500 e-mails were sent and 100 phone calls made
to directly apply the survey to selected people.

Responses to most survey questions consisted of a pre-established
list of options with an “other” category allowing respondents to add to
the list. Questions covered: (1) general characteristics of the project
such as location, project size (< 5, 5–15,> 15 ha), biome, and eco-
system (e.g. forest, savanna); (2) predominant restoration method: i)
natural regeneration, ii) assisted regeneration (e.g., clearing around

naturally establishing trees), iii) enrichment planting (using seeds or
seedlings) of species that do not colonize natural regeneration sites, iv)
direct seeding; v) seedling planting, and vi) topsoil translocation); 3)
main activities in the implementation and maintenance phases (see
Table S1 for full list), which we aggregated into four groups: site pro-
tection against disturbances, soil preparation, control of weeds and
other pests, and reintroduction of plants; (4) duration of the main-
tenance phase (six time classes ranging from 1 to 3 months to> 60
months); and (5) description and quantification of inputs during the
implementation and maintenance phases (e.g. quantity of herbicide,
fertilizers, and seedlings).

We received 56 responses from restoration practitioners who work
for education and/or research organizations (27), government agencies
(3), private companies (18), and non-governmental organizations (8).
Two of the respondents filled out the survey twice for different projects
for a total of 58 completed surveys (Amazon=7; Atlantic Forest= 32;
Cerrado forest= 7, Cerrado savanna= 12). We present the relative
frequency of restoration methods, activities, and inputs used for each
biome considering individual surveys as the sample unit.

2.2. Estimating restoration costs

We compiled a list of the most common restoration methods, ac-
tivities, and inputs based on responses to the initial survey (Fig. S1) and
then assessed the costs of each in three ways. First, we sent a follow-up
survey (Table S3) to the same contact list of restoration practitioners
described above with questions about costs of the main restoration
activities and inputs for the restoration projects included in the first
survey and received 40 responses (Figure S1; Atlantic Forest 23;
Amazon 5; Cerrado 12). Second, we created an additional survey fo-
cused on gathering general market costs for the most common re-
storation activities and inputs assessed above (Table S4) without con-
sidering a specific restoration project. We contacted restoration
companies and stores selling products for agriculture and forestry
through∼600 e-mails and∼200 phone calls and received 66 responses
(Figure S1; Atlantic Forest 46; Amazon: 7; Cerrado: 13). Third, we ex-
tracted detailed costs of restoration activities and inputs from 27 budget
worksheets (Figure S1 and Table S4; Atlantic Forest 13; Amazon 11;
Cerrado 3) provided by 2 consultants, 2 NGOs, and 7 private compa-
nies.

We calculated the average cost per hectare of each restoration
method, activity and input for each biome, separating ecosystem types
in Cerrado. Restoration activity costs were provided by interviewees on
a per hectare basis. Total input costs per hectare were calculated by
multiplying the average amount of input used per hectare (first survey,
Table S1) by the average cost of the input provided in the second round
of the survey (Table S3) and budget worksheets (Table S4). In cases
where surveys for restoration activities or inputs in a given biome/
ecosystem were ≤3, we used the average cost of all replies, regardless
of biogeographical context, for cost estimation. Total restoration im-
plementation and maintenance costs were calculated by summing up all
inputs and activities described for each method in each biome/eco-
system. We used the date of project implementation (Table S1;
1988–2016) and responses on input costs (Tables S3 and S4; throughout
2015) to standardize prices, using the General Price Index - Internal
Availability (IGP-DI) of the Fundação Getúlio Vargas, and express costs
in their December 2018 value in US$.hectare−1 (US$1.00 = R$3.87).

2.3. Estimating the costs for implementing Brazil’s plan for native vegetation
recovery

PLANAVEG was launched in 2017 by the federal government and
aims to support the implementation of restoration activities in 12 mil-
lion hectares by 2030, consistent with the restoration areas designated
by the 2012 Native Vegetation Protection Law (21 million hectares;
Soares et al., 2014), Brazil’s Nationally Determined Contribution to the
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Paris Climate Agreement (12 million hectares; Brazil, 2017), the Aichi
Target 15 of the Convention on Biological Diversity that aims to restore
15% of all degraded ecosystems by 2020 (43 million hectares), and
national pledges to the Bonn Challenge (12 million hectares; bonnch-
allenge.com).

To estimate the total restoration implementation cost of PLANAVEG
at the national level, we first calculated the mean cost of each re-
storation method per hectare of each biome/ecosystem individually and
then summarized them (Table S5). Since PLANAVEG did not define
how much area should be restored in each biome, and restoration costs
were similar for each method in the different biomes/ecosystems, we
calculated the mean cost of each restoration method regardless of the
biome/ecosystem (Table S5), and we matched the restoration methods
surveyed in this research with the restoration methods described in
PLANAVEG (Table 1). PLANAVEG presents four restoration scenarios,
with different proportions of restoration methods, from higher to lower
dependence on active restoration (e.g. 50, 40, 30 and 20% of seedling
planting and 10, 15, 20 and 25% of natural regeneration, in the same
order; see Table 1 for a complete description of all scenarios). We
weighted the cost of each restoration method by its percentage of use in
each scenario (Table 1) and multiplied this per hectare cost by the total
restoration area (12Mha) to obtain the total restoration implementa-
tion cost estimate for each scenario.

3. Results

Most surveys (60–90%) reported using the costly methods of
planting seedlings or sowing seeds throughout the site to restore ter-
restrial Brazilian ecosystems, regardless of the biome; direct seeding
was used frequently in Cerrado savannas (43%) and occasionally in the
Amazon (23%; Fig. 1A). In contrast, the less expensive natural re-
generation and assisted regeneration approaches were used in< 15%
of projects (Fig. 1A). Maintenance activities lasted for a few years re-
gardless of the biome with nearly 80% of projects ending maintenance
within 30 months (Fig. 1B). The relative frequency of using different
restoration activities (e. g., protection, weed control, planting), was
similar across biomes both in the implementation (Fig. 1C) and the
maintenance (Fig. 1D) phases. Site preparation was the most frequent
implementation activity (∼60% of projects; Fig. 1C), and protection
against disturbances (e.g. fences, firebreaks) and weed control were the
most common maintenance activities (nearly 30% each; Fig. 1D).

The cost of different restoration methods did not differ markedly
across biomes, with the exceptions of higher seedling planting costs in
Cerrado savanna and lower direct seeding costs in the Amazon
(Fig. 2A). The vast majority of costs were incurred during the im-
plementation phase for all methods, except for assisted regeneration, in
which total restoration costs were divided evenly between im-
plementation and maintenance (Fig. 2A). Direct seeding and seedling
planting cost approximately ten times more (∼US$2000. ha−1) than

less intensive restoration approaches (natural and assisted regenera-
tion, and enrichment planting; ∼US$200. ha−1), mostly due to the
higher input costs (Fig. 2B). The activity comprising the majority of the
costs of each restoration method varied; site protection against dis-
turbances was the only expense for natural regeneration, weed control
was the predominant cost of assisted regeneration, and direct seeding
and/or seedling planting were the major costs for the three methods
involving active reintroduction of native plants in the restoration site
(Fig. 2C).

Our calculations suggest that implementing the 12 million ha of
restoration proposed by Brazil’s Plan for Native Vegetation Recovery
would cost between US$8.9 billion to US$15.6 billion depending on the
proportion of the area to be restored by active restoration (Table 1).
This implies a cost of approximately US$0.7 to US$1.2 billion per year
in 2018 dollars to achieve the commitments by the 2030.

4. Discussion

Our results from the most systematic nationwide assessment of
terrestrial restoration costs to date show that intensive restoration ap-
proaches, such as direct seeding and planting cost an order of magni-
tude more than less intensive restoration approaches such as assisted
natural regeneration and enrichment or cluster planting, consistent
with reports from prior studies (Zahawi and Holl, 2009; Hansson and
Dargusch, 2017; Shoo et al., 2017). Restoration plantings costs in Brazil
(∼US$2000) were within the range of those from mostly single project
studies in other Latin American, African, and Asian countries (most
range from $1000-$3000 per hectare; Zahawi and Holl, 2009; Ding
et al., 2017; Hansson and Dargusch, 2017). These cost estimates vary
substantially depending on labor pay rates in a given region, the
duration of maintenance, and the extent of land degradation, as es-
tablishing native ecosystems on low resilience sites requires extensive
labor and inputs (Holl and Aide, 2011). Inputs for active restoration
comprised>50% of the total restoration costs in our study, suggesting
an opportunity to develop cost-saving innovations. Planting and
seeding methods in Brazil mostly have been adapted from intensive
forestry and agriculture and rely on the heavy use of machinery, fer-
tilizers, and herbicides, all of which are costly. The cost of higher inputs
may be compensated by greater yields in forestry and agriculture, but
this is rarely the case for ecological restoration.

The short maintenance period of most projects (> 80% of projects
for< 30 months) reflects the contracts established with restoration
companies, which are usually hired to plant the trees and maintain
them until the trees provide sufficient canopy cover to shade out in-
vasive grasses. A well-established restoration plantation may reach this
stage in approximately three years, but many restoration projects have
problems with soil degradation, leaf-cutter ants, and competition with
grasses that prevent trees from achieving a size to shade out grasses
before the maintenance is over (Brancalion et al., 2016b). The

Table 1
Description of the average per hectare and total cost associated with implementing four restoration scenarios, determined by the proportion of the total area to be
restored through different methods (high to low proportion of tree planting), of Brazil’s Plan for Native Vegetation Recovery (numbers after means represent the
standard deviation).

Methods surveyed in this work Mean cost
(US$. ha−1)

Methods described in PLANAVEG Mean cost
(US$. ha−1)

Scenarios

High Moderate Low Very low

Seedling planting $ 2328.06± $ 465 Total planting $ 2041.27± $ 728 0.50 0.40 0.30 0.20
Direct seeding $ 1754.48± $ 991
Enrichment planting $ 788.52±$ 478 Enrichment planting at low and high seedling

density
$ 788.52±$ 478 0.30 0.30 0.30 0.30

Assisted natural regeneration $ 344.07±$ 156 Natural regeneration with fences $ 344.07±$ 156 0.10 0.15 0.20 0.25
Natural regeneration $ 48.87± $ 0.7 Natural regeneration without fences $ 48.87± $ 0.7 0.10 0.15 0.20 0.25
Per hectare cost (US$. ha−1) $ 1296.49 $ 1112.01 $ 927.53 $ 760.25
Total cost (12Mha; billion US

$)
$ 15.56 $ 13.34 $ 11.13 $ 9.12
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mismatch between the typical 1 to 3-year duration of restoration
funding, maintenance, and monitoring, and the decades to centuries it
takes for ecosystems to recover, is a chronic problem in restoration
(Holl and Cairns, 2002; Chaves et al., 2015; Bayraktarov et al., 2016).
Our cost estimates are thus only for the initial stage of establishing early
successional native vegetation structure and do not reflect the true cost
of restoration, which would include complementary interventions to
support long-term recovery and persistence of the ecosystems, which is
a major concern since most regenerating forests are re-cleared within
few decades (Reid et al., 2018).

Brazil is unique among Latin American countries in having estab-
lished and enforced restoration laws over the past few decades, which
favor the more intensive and costly restoration methods reported in our
surveys (Brancalion et al., 2016b). The legal requirements are a primary
reason the restoration methods, activities, and costs were quite similar
across ecosystem types, despite the enormous ecological and social
differences characteristic of a large country like Brazil and the fact that
a one-size-fits-all approach in restoration is unlikely to result in wide-
spread success (Aronson et al., 2011). Many restoration projects were
implemented by private landholders who are mandated to restore na-
tive vegetation along rivers, streams, and other environmentally sen-
sitive areas to comply with the 1965 Forest Code and more recently
with the 2012 Native Vegetation Protection Law (Rodrigues et al.,
2011; Brancalion et al., 2016a). Mandatory restoration projects tend to
use more predictable, less risky restoration approaches, such as large-
scale tree planting, in order to achieve minimum restoration standards

within the short time-frame for showing legal compliance (Holl, 2002;
Brancalion et al., 2016b). Intensive restoration methods are certainly
necessary for some highly degraded areas, but taking the approach of
waiting a few years to assess natural regeneration first and then de-
termining if and how to intervene most effectively to accelerate re-
covery is the most cost-effective approach to restore the largest area
with limited restoration funds (Holl et al., 2018).

Many studies show that natural regeneration has been the main
driver of tree cover increase globally (Yackulic et al., 2011; Aide et al.,
2013; Sloan et al., 2016), except for a few government-centred pro-
grams focused on large-scale monoculture tree plantations (Temperton
et al., 2014; Hua et al., 2016). As a consequence of the demonstrated
potential to recover native ecosystems at large scales with lower costs,
natural regeneration should comprise a major approach for upscaling
restoration and achieving ambitious restoration commitments
(Chazdon and Guariguata, 2016; Crouzeilles et al., 2017; Meli et al.,
2017). In contrast, seedling planting and direct seeding were by far the
most common restoration methods reported in our survey. These ap-
parently-conflicting results do not mean that natural regeneration has
had negligible importance in the recovery of Brazilian ecosystems, de-
spite the lack systematic quantification. Rather, the low reporting of
natural regeneration as a restoration approach likely reflects what the
practitioners in our survey, and likely more broadly, perceive as re-
storation. Natural regeneration often occurs on lands where landowners
cease agricultural uses for economic reasons rather than to intentionally
promote forest recovery. We surveyed practitioners who mostly were

Fig. 1. Characterization of restoration methods and ac-
tivities employed in Brazilian biomes: (a) main restoration
methods, (b) duration of the maintenance phase, and (c)
frequency of restoration activities included in the im-
plementation and (d) maintenance phases of restoration
projects (number of restoration projects per biome/eco-
system: Amazon= 7; Atlantic Forest= 32; Cerrado
Savanna=12; Cerrado Forest= 7). In figures “a” and “b”,
each respondent selected a single main method/main-
tenance period per project, so the percentage values re-
present the proportion of projects per biome. In figures “c”
and “d”, each respondent could select more than one ac-
tivity per project, so the percentage values represent the
number of times that a given activity was mentioned re-
lative to the total number of activities mentioned.
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legally mandated and/or paid to restore forest, so they were much more
likely to report intensive restoration methods.

The survey results and our personal experience suggest that in ter-
restrial systems in Brazil and probably other countries, the term “re-
storation” is often equated with intensive planting and seeding tech-
niques, rather than recognizing the potential for natural and assisted
regeneration approaches, which are much less costly. In fact, other
recent observations suggest that natural regeneration in Brazil may far
exceed those established by restoration plantings (de Rezende et al.,
2015; Nanni et al., 2019). For instance, the Atlantic Forest Restoration
Pact in Brazil, a multi-stakeholder coalition that aims to restore 15
million hectares of native forest in the biome by 2050, has registered
60,000 ha of restoration projects in its database from 2009 to 2018 (E.
Santiami, personal communication). However, native forest has natu-
rally regenerated on an area 20 times larger (1,206,000 ha) in this
biome during the same period (Crouzeilles et al., 2019). Since the
Atlantic Forest region has the longest history and spatial extent of
agricultural use and other land degradation in Brazil, we expect that the
potential for rapid natural regeneration will be much higher in other

biomes and regions, especially those located at the new deforestation
frontiers, such as the south border of the Amazon and Cerrado, where
native vegetation cover and resilience are often higher.

This underestimation of recovering forest area is problematic for a
couple of reasons. First, these lands are rarely the focus of practitioners
and land managers and hence may not be protected from subsequent re-
clearing despite their conservation value (Reid et al., 2018). Second, if
people perceive that intensive restoration methods like tree planting
and direct seeding are the only restoration options, then it results in an
overestimate of the cost of large-scale restoration, which may have been
the case for our estimates for Brazil’s Plan for Native Vegetation Re-
covery. This result highlights the importance of clearly defining what
ecosystem restoration approaches are considered in national and in-
ternational commitments (Chazdon et al., 2016) and including natural
and assisted regeneration among those approaches.

We estimate that implementing the 12 million ha target of Brazil’s
restoration plan will be quite high (US$8.9–15.6 billion total; US$0.7-
1.2 billion per year; 2017–2030), without considering potential cost
increases over time or the potential reduction of costs resulting from
restoration innovations and economies of scale. Moreover, our esti-
mates do not include land opportunity costs (which may not apply to
areas where restoration is mandatory) and price increases over time,
and certainly underestimate the actual costs of the ongoing main-
tenance necessary to ensure restoration success. To put PLANAVEG cost
estimates in context, Brazil spent ∼US$1.5 billion in subsidies for
agriculture in 2017, which is one of the most important economic ac-
tivities, with agribusiness producing 23.5% of the country GDP; the per
hectare cost of tree planting (∼US$2000. ha−1) is ∼19 and 5 times
higher than the annual revenue from extensive cattle ranching and crop
production (Molin et al., 2018), the first and second most common
agricultural land uses in Brazil (Lapola et al., 2014; Molin et al., 2018),
and 8.3 times higher than the minimum salary in Brazil. Even the
lowest cost scenario, which includes relying more on naturally re-
generating forests, is very expensive. It is important to recognize,
however, that the job and income generation from a massive invest-
ment in restoration could counterbalance these high costs (De Groot
et al., 2013). Ecological restoration has been estimated to support an
additional 95,000 jobs and $15 billion in economic output in the United
States through indirect linkages and increased household spending
(BenDor et al., 2015). Moreover, the remission of environmental fines
levied on farmers by the revision of the Forest Code (farmers do not
have to pay the fines resulting from illegal deforestation and degrada-
tion that occurred before 2008 if they successfully implement a re-
storation program in the area), estimated at US$3.29 billion, could help
pay the bill. Further, innovation in restoration could also reduce im-
plementation costs (Brancalion and van Melis, 2017).

Our survey can serve as starting point for restoration cost assess-
ments in other regions, but we recommend future studies address ad-
ditional critical questions that were outside the scope of our work. First,
it is important to assess the costs and outcomes of a diversity of ap-
proaches to facilitating ecosystem recovery ranging from natural re-
generation to various intermediate intervention, such as assisted re-
generation and enrichment planting, to intensive planting. This would
lead to reduced overall costs compared to our study which was biased
towards resource intensive restoration methods. Second, more in-
formation is needed on whether an economy of scale could reduce re-
storation costs. We were unable to evaluate these questions as most of
the projects in our survey were small, and past studies show mixed
results on whether larger projects are less costly on a per area basis
(Bayraktarov et al., 2016; Strassburg et al., 2019).

Our study advances the implementation of conservation science and
management by moving ambitious ecosystem restoration programs
beyond the simplistic definition of a target area. Our results allow
Brazilian policymakers to estimate the cost of restoration commitments
and plan their implementation under a more realistic context, in which
resources are limited and fundraising is critical. Our detailed cost

Fig. 2. Composition of costs for restoring Brazilian biomes as a function of (a)
project phase, (b) component, and (c) main activities. Number of restoration
projects assessed per biome/ecosystem: Amazon= 7; Atlantic Forest= 32;
Cerrado Savanna=12; Cerrado Forest= 7.
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estimates used in combination with analyses of spatial variation in land
opportunity costs and local site resilience (e.g. Shoo et al., 2017;
Toomey et al., 2017; Brancalion et al., 2019; Strassburg et al., 2019),
enable investors, policy makers, restoration professionals, and local
communities to work together to prioritize restoration locations and
tailor methods to site conditions to most cost-effectively implement
large-scale restoration programs (Table S6). Our approach, along with
efforts to provide financial restoration incentives and generate income
from restoration (Table S6), will help to surmount the major financial
barriers for upscaling restoration.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgement

PHSB thanks the National Council for Scientific and Technological
Development (CNPq; grant #304817/2015-5). PM thanks to São Paulo
Research Foundation(FAPESP; grant #2016/00052-9). JRCT and FEBL
thanks to the following researchers and ecological restoration profes-
sionals who helped us in workshops to validate the information col-
lected in this study: Alba Orli de Oliveira Cordeiro; Alexandre Bonesso
Sampaio; Alexandre Mehl Lunz; Ana Paula Moreira Rovedder;
Christiane Holvorcem; Daniel Luis Mascia Vieira; Ernestino de Souza
Gomes Guarino; Gerhard Ernst Overbeck; Joice Nunes Ferreira; José
Felipe Ribeiro; Letícia Penno de Sousa; Mateus Motter Dala Senta, and
Rodrigo Studart Corrêa. We appreciate helpful feedback from the Holl
and Press lab members at UC Santa Cruz on an earlier draft of the
manuscript.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.biocon.2019.108274.

References

Aide, T.M., Clark, M.L., Grau, H.R., Lopez-Carr, D., Levy, M.A., Redo, D., Bonilla-Moheno,
M., Riner, G., Andrade-Nunez, M.J., Muniz, M., 2013. Deforestation and reforestation
of latin America and the Caribbean (2001-2010). Biotropica 45, 262–271.

Aronson, J., et al., 2011. What Role Should Government Regulation Play in Ecological
Restoration? Ongoing Debate in Sao Paulo State, Brazil. Restor. Ecol. 19, 690–695.

Bayraktarov, E., Saunders, M.I., Abdullah, S., Mills, M., Beher, J., Possingham, H.P.,
Mumby, P.J., Lovelock, C.E., 2016. The cost and feasibility of marine coastal re-
storation. Ecol. Appl. 26, 1055–1074.

Benayas, J.M.R., Newton, A.C., Diaz, A., Bullock, J.M., 2009. Enhancement of biodi-
versity and ecosystem services by ecological restoration: a meta-analysis. Science
325, 1121–1124.

BenDor, T., Lester, T.W., Livengood, A., Davis, A., Yonavjak, L., 2015. Estimating the size
and impact of the ecological restoration economy. PLoS One 10, e0128339.

Birch, J.C., Newton, A.C., Aquino, C.A., Cantarello, E., Echeverria, C., Kitzberger, T.,
Schiappacasse, I., Garavito, N.T., 2010. Cost-effectiveness of dryland forest restora-
tion evaluated by spatial analysis of ecosystem services. Proc. Natl. Acad. Sci. U.S.A.
107, 21925–21930.

Brancalion, P.H.S., Bello, C., Chazdon, R.L., Galetti, M., Jordano, P., Lima, R.A.F.,
Medina, A., Pizo, M.A., Reid, J.L., 2018. Maximizing biodiversity conservation and
carbon stocking in restored tropical forests. Conserv. Lett. 0, e12454.

Brancalion, P.H.S., Garcia, L.C., Loyola, R., Rodrigues, R.R., Pillar, V.D., Lewinsohn, T.M.,
2016a. A critical analysis of the Native Vegetation Protection Law of Brazil (2012):
updates and ongoing initiatives. Natureza & Conservacao 14, 1–15.

Brancalion, P.H.S., Lamb, D., Ceccon, E., Boucher, D., Herbohn, J., Strassburg, B.,
Edwards, D.P., 2017. Using markets to leverage investment in forest and landscape
restoration in the tropics. For. Policy Econ. 85, 103–113.

Brancalion, P.H.S., et al., 2019. Global restoration opportunities in tropical rainforest
landscapes. Sci. Adv. 5 eaav3223.

Brancalion, P.H.S., Schweizer, D., Gaudare, U., Mangueira, J.R., Lamonato, F., Farah,
F.T., Nave, A.G., Rodrigues, R.R., 2016b. Balancing economic costs and ecological
outcomes of passive and active restoration in agricultural landscapes: the case of
Brazil. Biotropica 48, 856–867.

Brancalion, P.H.S., van Melis, J., 2017. On the need for innovation in ecological

restoration. Ann. Mo. Bot. Gard. 102, 227–236.
Budiharta, S., Meijaard, E., Wells, J.A., Abram, N.K., Wilson, K.A., 2016. Enhancing

feasibility: incorporating a socio-ecological systems framework into restoration
planning. Environ. Sci. Policy 64, 83–92.

César, R.G., Moreno, V.S., Coletta, G.D., Chazdon, R.L., Ferraz, S.F.B., Almeida, D.R.A.,
Brancalion, P.H.S., 2017. Early ecological outcomes of natural regeneration and tree
plantations for restoring agricultural landscapes. Ecol. Appl.

Chaves, R.B., Durigan, G., Brancalion, P.H.S., Aronson, J., 2015. On the need of legal
frameworks for assessing restoration projects success: new perspectives from SAo
Paulo state (Brazil). Restor. Ecol. 23, 754–759.

Chazdon, R.L., 2008. Beyond deforestation: restoring forests and ecosystem services on
degraded lands. Science 320, 1458–1460.

Chazdon, R.L., Brancalion, P.H.S., Laestadius, L., Bennett-Curry, A., Buckingham, K.,
Kumar, C., Moll-Rocek, J., Guimaraes Vieira, I.C., Wilson, S.J., 2016. When is a forest
a forest? Forest concepts and definitions in the era of forest and landscape restora-
tion. Ambio 45, 538–550.

Chazdon, R.L., Guariguata, M.R., 2016. Natural regeneration as a tool for large-scale
forest restoration in the tropics: prospects and challenges. Biotropica 48, 716–730.

Crouzeilles, R., Ferreira, M.S., Chazdon, R.L., Lindenmayer, D.B., Sansevero, J.B.B.,
Monteiro, L., Iribarrem, A., Latawiec, A.E., Strassburg, B.B.N., 2017. Ecological re-
storation success is higher for natural regeneration than for active restoration in
tropical forests. Sci. Adv. 3, 1–7.

Crouzeilles, R., et al., 2019. There is hope for achieving ambitious Atlantic Forest re-
storation commitments. Perspect. Ecol. Conserv. 17, 80–83.

De Groot, R.S., Blignaut, J., Ploeg, S., Aronson, J., Elmqvist, T., Farley, J., 2013. Benefits
of investing in ecosystem restoration. Conserv. Biol. 27, 1286–1293.

de Rezende, C.L., Uezu, A., Scarano, F.R., Araujo, D.S.D., 2015. Atlantic Forest sponta-
neous regeneration at landscape scale. Biodivers. Conserv. 24, 2255–2272.

Ding, H., Altamirano, J.C., Anchondo, A., Faruqi, S., Verdone, M., Wu, A., Zamora, R.,
Chazdon, R., Vergara, W., 2017. Roots of Prosperity: The Economics and Finance of
Restoring Land. Institute WR, Washington, D. C.

EMBRAPA, 1997. Manual de métodos de análise de solo. Centro Nacional de Pesquisa de
Solos, Rio de Janeiro.

Guariguata, M.R., Brancalion, P.H.S., 2014. Current challenges and perspectives for
governing forest restoration. Forests 5, 3022–3030.

Hansson, A., Dargusch, P., 2017. An estimate of the financial cost of peatland restoration
in Indonesia. Case Stud. Environ.

Holl, K.D., 2002. Long-term vegetation recovery on reclaimed coal surface mines in the
eastern USA. J. Appl. Ecol. 39, 960–970.

Holl, K.D., 2017. Restoring tropical forests from the bottom up. Science 355, 455–456.
Holl, K.D., Aide, T.M., 2011. When and where to actively restore ecosystems? For. Ecol.

Manage. 261, 1558–1563.
Holl, K.D., Cairns Jr., J., 2002. Monitoring and appraisal. In: Perrow, M.R., Davy, A.J.

(Eds.), Handbook of Ecological Restoration. Cambridge University Press, Cambridge,
pp. 411–432.

Holl, K.D., Howarth, R.B., 2000. Paying for restoration. Restor. Ecol. 8, 260–267.
Holl, K.D., Reid, J.L., Oviedo-Brenes, F., Kulikowski, A.J., Zahawi, R.A., 2018. Rules of

thumb for predicting tropical forest recovery. Appl. Veg. Sci. 21, 669–677.
Hua, F.Y., Wang, X.Y., Zheng, X.L., Fisher, B., Wang, L., Zhu, J.G., Tang, Y., Yu, D.W.,

Wilcove, D.S., 2016. Opportunities for biodiversity gains under the world’s largest
reforestation programme. Nat. Commun. 7.

Iftekhar, M.S., Polyakov, M., Ansell, D., Gibson, F., Kay, G.M., 2017. How economics can
further the success of ecological restoration. Conserv. Biol. 31, 261–268.

Isernhagen, I., Moraes, L.F.D., Engel, V.L., 2017. The rise of the Brazilian Network for
Ecological Restoration (REBRE): what Brazilian restorationists have learned from
networking. Restor. Ecol. 25, 172–177.

Lapola, D.M., et al., 2014. Pervasive transition of the Brazilian land-use system. Nat. Clim.
Chang. 4, 27–35.

Maron, M., Hobbs, R.J., Moilanen, A., Matthews, J.W., Christie, K., Gardner, T.A., Keith,
D.A., Lindenmayer, D.B., McAlpine, C.A., 2012. Faustian bargains? Restoration rea-
lities in the context of biodiversity offset policies. Biol. Conserv. 155, 141–148.

Meli, P., Holl, K.D., Benayas, J.M.R., Jones, H.P., Jones, P.C., Montoya, D., Mateos, D.M.,
2017. A global review of past land use, climate, and active vs. Passive restoration
effects on forest recovery. PLoS One 12.

Menz, M.H.M., Dixon, K.W., Hobbs, R.J., 2013. Hurdles and opportunities for landscape-
scale restoration. Science 339, 526–527.

Molin, P.G., Chazdon, R., Ferraz, S.F.B., Brancalion, P.H.S., 2018. A landscape approach
for cost-effective large-scale forest restoration. J. Appl. Ecol.

Moreno-Mateos, D., Barbier, E.B., Jones, P.C., Jones, H.P., Aronson, J., Lopez-Lopez, J.A.,
McCrackin, M.L., Meli, P., Montoya, D., Benayas, J.M.R., 2017. Anthropogenic eco-
system disturbance and the recovery debt. Nat. Commun. 8.

Nanni, A.S., Sloan, S., Aide, T.M., Graesser, J., Edwards, D., Grau, H.R., 2019. The neo-
tropical reforestation hotspots: a biophysical and socioeconomic typology of con-
temporary forest expansion. Glob. Environ. Chang. Part A 54, 148–159.

Reid, J.L., Fagan, M.E., Lucas, J., Slaughter, J., Zahawi, R.A., 2018. The ephemerality of
secondary forests in southern Costa rica. Conserv. Lett. 0, e12607.

Rodrigues, R.R., Gandolfi, S., Nave, A.G., Aronson, J., Barreto, T.E., Vidal, C.Y.,
Brancalion, P.H.S., 2011. Large-scale ecological restoration of high-diversity tropical
forests in SE Brazil. For. Ecol. Manage. 261, 1605–1613.

Rohr, J.R., Bernhardt, E.S., Cadotte, M.W., Clements, W.H., 2018. The ecology and eco-
nomics of restoration: when, what, where, and how to restore ecosystems. Ecol.
Soc. 23.

Shoo, L.P., Catterall, C.P., Nicol, S., Christian, R., Rhodes, J., Atkinson, P., Butler, D., Zhu,
R., Wilson, K.A., 2017. Navigating complex decisions in restoration investment.
Conserv. Lett. 10, 748–756.

Shoo, L.P., Freebody, K., Kanowski, J., Catterall, C.P., 2016. Slow recovery of tropical old-

P.H.S. Brancalion, et al. Biological Conservation 240 (2019) 108274

6

https://doi.org/10.1016/j.biocon.2019.108274
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0005
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0005
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0005
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0010
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0010
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0015
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0015
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0015
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0020
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0020
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0020
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0025
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0025
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0030
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0030
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0030
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0030
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0035
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0035
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0035
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0040
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0040
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0040
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0045
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0045
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0045
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0050
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0050
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0055
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0055
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0055
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0055
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0060
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0060
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0065
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0065
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0065
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0070
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0070
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0070
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0075
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0075
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0075
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0080
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0080
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0085
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0085
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0085
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0085
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0090
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0090
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0095
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0095
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0095
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0095
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0100
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0100
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0105
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0105
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0110
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0110
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0115
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0115
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0115
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0120
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0120
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0125
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0125
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0130
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0130
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0135
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0135
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0140
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0145
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0145
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0150
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0150
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0150
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0155
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0160
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0160
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0165
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0165
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0165
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0170
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0170
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0175
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0175
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0175
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0180
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0180
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0185
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0185
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0185
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0190
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0190
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0190
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0195
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0195
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0200
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0200
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0205
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0205
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0205
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0210
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0210
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0210
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0215
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0215
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0220
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0220
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0220
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0225
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0225
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0225
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0230
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0230
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0230
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0235


field rainforest regrowth and the value and limitations of active restoration. Conserv.
Biol. 30, 121–132.

Sloan, S., Goosem, M., Laurance, S.G., 2016. Tropical forest regeneration following land
abandonment is driven by primary rainforest distribution in an old pastoral region.
Landsc. Ecol. 31, 601–618.

Soares, B., Rajao, R., Macedo, M., Carneiro, A., Costa, W., Coe, M., Rodrigues, H., Alencar,
A., 2014. Cracking Brazil’s forest code. Science 344, 363–364.

Strassburg, B.B.N., et al., 2019. Strategic approaches to restoring ecosystems can triple
conservation gains and halve costs. Nat. Ecol. Evol. 3, 62–70.

Temperton, V.M., Higgs, E., Choi, Y.D., Allen, E., Lamb, D., Lee, C.S., Harris, J., Hobbs,
R.J., Zedler, J.B., 2014. Flexible and adaptable restoration: an example from South

Korea. Restor. Ecol. 22, 271–278.
Toomey, A.H., Knight, A.T., Barlow, J., 2017. Navigating the space between research and

implementation in conservation. Conserv. Lett. 10, 619–625.
Torrubia, S., McRae, B.H., Lawler, J.J., Hall, S.A., Halabisky, M., Langdon, J., Case, M.,

2014. Getting the most connectivity per conservation dollar. Front. Ecol. Environ. 12,
491–497.

Yackulic, C.B., Fagan, M., Jain, M., Jina, A., Lim, Y., Marlier, M., Muscarella, R., Adame,
P., DeFries, R., Uriarte, M., 2011. Biophysical and socioeconomic factors associated
with forest transitions at multiple spatial and temporal scales. Ecol. Soc. 16.

Zahawi, R.A., Holl, K.D., 2009. Comparing the performance of tree stakes and seedlings to
restore abandoned tropical pastures. Restor. Ecol. 17, 854–864.

P.H.S. Brancalion, et al. Biological Conservation 240 (2019) 108274

7

http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0235
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0235
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0240
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0240
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0240
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0245
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0245
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0250
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0250
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0255
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0255
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0255
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0260
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0260
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0265
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0265
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0265
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0270
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0270
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0270
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0275
http://refhub.elsevier.com/S0006-3207(19)30193-4/sbref0275

	What makes ecosystem restoration expensive? A systematic cost assessment of projects in Brazil
	Introduction
	Methods
	Gathering information on restoration methods, activities, and inputs
	Estimating restoration costs
	Estimating the costs for implementing Brazil’s plan for native vegetation recovery

	Results
	Discussion
	mk:H1_8
	Acknowledgement
	Supplementary data
	References




