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1. Introduction

Brazil is characterized by an impressive geodiversity which confers a substantial
capacity for mineral production, placing the country on a par with the major world powers
in mining such as the USA, Russia, Canada, Australia, and South Africa. The growth of
demand within the world mineral sector, which started at the beginning of the present
century and followed upon the adverse market conditions experienced in the 1980s and

1990s, has revealed a new and enduring challenge to the mineral sector: the promotion
of sustainability (CABRAL JUNIOR et al., 2008).
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According to Nunes (2006), since mineral resources are vital to the quality of
human life, sustainable development depends on mining. However, while the products of
mining have brought a series of socioeconomic benefits and improvements to the urban
environment (INSTITUTO DE PESQUISAS TECNOLOGICAS, 2003; HERRMANN,
2007); mining activities have been severely criticized for their negative impacts on the
environment (INSTITUTO BRASILEIRO DO MEIO AMBIENTE E DOS RECURSOS
NATURAIS RENOVAVEIS, 1990), not only for the extent of the associated damage
but also for its severity. Porto and Milanez (2009) have pointed out that mining activities
have been responsible for social and environmental conflicts, which in many cases have
aggravated situations of environmental injustice. As an example, the social and environ-
mental conflicts that have flared up in the state of Santa Catarina may be highlighted.
Here disputes in areas where there are old mines for underground coal mining have
become obstacles to sustainable local development (RUIZ et al., 2014).

The reclamation of degraded areas, with a view to converting previously mined
areas to new, sustainable uses, is, according to Neri and Sanchez (2010), one of the cru-
cial stages in the life cycle of a mining operation. Given the significance of the negative
impacts of mining (MECHI; SANCHES, 2010), Article 225 of the Constitution of Brazil
places the responsibility for the reclamation of degraded areas (RDA) with the mine
operator (BRASIL, 1988), and requires the elaboration by the operator of a Plan for its
recovery (PRDA!) when the productive phase of the operation comes to its conclusion
(BRASIL, 1989). With regard to the importance of the provision of financial resources for
the reclamation of the degraded area, Oliveira Neto and Petter (2005) have emphasized
the need for the establishment of criteria for negotiations between the polluter (mine
operator) and the affected community. Despite this, there is no specific legislation in
Brazil to ensure the provision of financial collateral for the decommissioning plan of a
mine (ALMEIDA; LIMA, 2008). Beyond the financial issues, there are other interests
that guide the planning for the decommissioning of a mine, including the reclamation
of the degraded environment, with the objective of achieving a positive balance for the
region. There is a need to guarantee safeguards for shareholders, public authorities, the
supply chain, local communities, and future generations, with regard to socioeconomic
impacts and associated environmental liabilities (SANCHEZ, 2011). The net result is a
positive spiral of growth and development.

As has been discussed by Prno and Slocombe (2012), communities located close
to mining operations have manifested their discontent with conventional approaches
to the extraction of natural resources, and are demanding a larger share in the distribu-
tion of the accrued benefits. For Porto and Milanez (2009), the development model of
Brazil, which is strongly based on the production of commodities, should be considered
environmentally unsustainable and socially unjust. They argue that the productive
processes are incapable of breaking the installed social metabolism, the processes can
only minimize or compensate for part of the social and environmental impacts that
they trigger. Seen in this light, the development model of Brazil is contributing directly
to the intensification of economic, social, and environmental conflicts. On the other
hand, the current situation does open the possibility for discussions that could lead to
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the evolution of relations between the mine operator and the affected community based
on more just and sustainable bases.

According to Jenkins and Yakovleva (2006), the companies of the mining sector are
increasingly recognizing the importance of the search for and dissemination of their prac-
tices which address social responsibility. Kapelus (2002) and Jenkins (2004) have empha-
sized that this concern has developed in recent years as a means to revert the questionable
reputation of the mining sector in the area of social responsibility, principally with regard to
relationships with local communities, given the profound disturbances caused by mining.

The social and environmental responsibilities of the mining sector should extend
beyond the minimum: searching for financial collateral for the decommissioning of mines,
avoiding social and environmental conflicts, and recovering the degraded environment.
There is a need for advances, to maximize the benefits rendered to society and to the
affected natural environment in the post-mining stage, through the provision of new
uses for areas once occupied by mining operations. Ecosystem services (ES) are the ben-
efits that, directly or indirectly, have a positive influence on the quality of human life,
through the functions of the ecosystems (COSTANZA et al., 1997). Improvements in
the processes applied to degraded areas of former mining operations during the reclama-
tion phase (RDA), which contemplate and expand the offering of ES, will add value to
the reclamation project.

The importance of promoting benchmarking in the evaluation of practices for
the reclamation of mines has been highlighted by Neri and Sanchez (2010). They have
demonstrated that even mining operations that possess a certificate of environmental
management devote little attention to the planning of the reclamation of degraded areas,
despite the gains that reclamation brings to the local biodiversity.

The role and value of ES in the planning phase of mining operations has been
discussed in the literature. ES promote a better distribution of the benefits to the local
communities, and in this way contribute to a reduction in social and environmental con-
flicts and consequently in feelings of social injustice that tend to surround mining opera-
tions. Bian and Lu (2013) have demonstrated, with the support of remote-sensing tools,
how changes in land use arising from mining operations affect the natural environment
and the offering of ES during the time over which the mineral resources are exploited.
The International Finance Corporation of the World Bank Group (INTERNATIONAL
FINANCE CORPORATION, 2012) has endorsed the suggestion that ES should be con-
sidered in the designing of environmental impact studies (EIS). Adopting this suggestion,
a number of recent studies have been dedicated to the evaluation of the addition of ES
to the traditional practices for the execution of an EIS for the mining sector; examples
include Rosa and Sanchez (2015), and Damigos et al. (2015).

The global panorama laid out in the previous paragraphs draws attention to the
possibility of inserting the Brazilian mining sector into the current general discussions
concerning ES and payments for environmental services (PES) in Brazil. Following this
logic, improvements in RDA techniques for mining could increase the benefits, understood
as ES, realized upon the cessation of mining activities beyond the reclamation actions
required under current environmental legislation.
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The objective of this article is to discuss the potential for associating environmen-
tal services with techniques for the reclamation of areas degraded by mining in the light
of current trends in PES in Brazil. To this end, the article has the following structure:
section 2 is a brief review of the literature addressing the difference between the terms
“ecosystem services” and “environmental services” in which reference is made to pay-
ment programs for the provision of these services. Section 3 is a brief literature review of
the context within which a national policy regarding the establishment of programs for
PES is evolving in Brazil. Study methods are presented in section 4. Section 5 is divided
into three parts; a scheme of classification of ES applied to RDA based on the practices
adopted is first developed. This forms the basis for two subsections, which in an analytical
manner reflect upon the following: the current situation of the identification of ES related
to conventional post-mining RDA techniques (section 5.1), and possible ES that could
be associated with post-mining RDA recognizing the current national trends on PES in
Brazil (section 5.2). These reflections are followed by a discussion section (section 6) and
conclusions (section 7).

2. Ecosystem services or environmental services?

The terms ecosystem services and environmental services, and consequently how
these services are paid for, are encountered in the literature as either synonyms or distinct
designations (WUNDER, 2015). In a recent review of definitions related to payments for
the provision of such services, Derissen and Latacz-Lohmann (2013) have indicated that
there is a crucial difference in the usage of these two terms in the scientific literature.
According to Derissen and Latacz-Lohmann (2013), ecosystem services are related to the
benefits generated for people that are obtained from ecosystems. This definition concords
with that adopted by Costanza et al. (1997), by the Millennium Ecosystem Assessment
(2005), and by the Food and Agriculture Organization of the United Nations (2015); it is
the definition accepted by the majority of authors writing in the contemporary scientific
literature. Derissen and Latacz-Lohmann (2013) conceptualize environmental services
as the benefits to the quality of life of people associated with the adoption of practices for
the management of natural resources, in other words arising from human intervention.
This definition has also found wide acceptance and has been adopted by various authors
in the literature, including Chomitz, Brenes and Constantino (1999), Kroeger (2013),
Schomers and Matzdorf (2013), and Wunder (2015).

In contrast, Balvanera et al. (2012), in a review of the state of the art regarding
“ecosystem services” in Latin America, have used the term “payment for ecosystem
services” when referring to payment schemes instead of utilizing the term “payment for
environmental services”. “Payment for environmental services” is more usually encoun-
tered in Brazilian legislation addressing the issue and in studies that deal with the subject
in Brazil (BRASIL, 2007; GUEDES; SEEHUSEN, 2011; MORAES, 2012; PAGIOLA,
VON GLEHN; TAFFARELLO, 2013).

Guedes and Seehusen (2011), in a publication that discusses the PES for the
Atlantic Rainforest of Brazil, opted to use the term “environmental services”, arguing
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that this term covers not only “ecosystem services” (provided to man by ecosystems) but
also services provided by ecosystems that are managed by man. According to Guedes and
Seehusen (2011), ecosystems managed by man represent sustainable practices that can
have a positive influence on the offering of services, in this case environmental services.

At the federal level in Brazil, the legislative proposal that covers the topic of envi-
ronmental services and the possibility of funding for its promotion (BRASIL, 2007) and
the federal decree that regulates the operation of the National Fund for Climate Change
Actions, a possible source of resources for PES related to activities that promote carbon
sequestration (BRASIL, 2010), have both adopted the term “environmental services”
instead of “ecosystem services.” The adoption of the term “environmental services” has
also occurred in current state-level PES programs, such as those in the states of Acre
(2010), Parana (2012), Espirito Santo (2012), Santa Catarina (2010), and Rio de Janei-
ro (2011). There is a distinct prevalence of the term “environmental services” in local
discussions over payments for environmental services, probably due to the fact that the
legal framework of Brazil has linked, for the purposes of participation in PES schemes, the
adoption of management practices to the generation of associated environmental benefits.

Given the preceding, within the present article the designation “environmental
services” has been utilized, because this better matches the context within which the
propositions concerning mining, reclamation of degraded areas and related environmental
services are being discussed. However, throughout the text, when citations to references on
the topic appear, the nomenclature adopted by the original authors has been maintained.

3. Payment for environmental services in Brazil: contextualization

Consensus on the concept of Payments for Environmental Services (PES) has not
been reached. Even the nomenclature is not homogeneous across the scientific literature,
with some authors, such as Engel, Pagiola and Wunder (2008), Legrand, Froger and Le
Coq (2013), and Démurger and Pelletier (2015), referring to “payments for environmental
services”, whereas others, for example Farley and Costanza (2010), Schomers and Matzdorf
(2013), and Matthies et al. (2015), have opted for “payments for ecosystem services.”

To understand better the nomenclature, the usage by different authors can be
examined. Thus, Farley and Costanza (2010) consider payments for ecosystem services
(PES) as a mechanism for the management of ecosystems through the utilization of eco-
nomic incentives. Wunder (2005, p. 3), a pioneering author in the framing of how PES
function, has linked PES with the satisfaction of five criteria: a PES is “1. a voluntary
transaction where 2. a well-defined ES (or a land use likely to secure that service) 3. is
being ‘bought’ by a (minimum one) ES buyer 4. from a (minimum one) ES provider 5. if
and only if the ES provider secures ES provision (conditionality).”

This definition has been analyzed and criticized by various authors. For Farley
and Costanza (2010), who considered the logic of the ecological economics, Payments
for Environmental Services (in this case referred to as Payments for Ecosystem Services)
should prioritize ecological sustainability and the fair distribution of the payments. This is
in contrast to the approach from environmental economics, which places the ES within
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a market model, with emphasis on the efficiency of the ES. Muradian et al. (2010) have
reservations in relation to the use of the market model, given the complexities associated
with the issues of distribution, social integration and power relations. Starting from these
pretexts, Muradian et al. (2010) recognize the variety of contexts and institutional environ-
ments in which PES schemes may operate, this leads them to defend a different approach
in which political issues are considered. The importance of taking into consideration the
complexity of ecological sustainability and its associated uncertainties has been highlighted
by Romeiro (2006), who has pointed out that some ES cannot be substituted and that
ecosystems do have functional limits. This implies that risks of irreversible ecosystem loss
do exist, which will affect the provision of services by the lost ecosystems. Pascual et al.
(2010) draw out the importance of the balance between equality and efficiency in PES
schemes, with an emphasis on social perceptions about economic justice versus fairness
in the distribution of the payments.

Andrade and Romeiro (2013) have emphasized that the valuation of ES, an im-
portant step in the definition of the value to be considered in PES schemes, should be
broad, taking into account criteria linked to sustainability, not just economic, but also
ecological and social. They further contend that, due to the complexity of the processes
within ecosystems and their interactions with human variables, the valuation should be
based on a transdisciplinary approach. Andrade and Romeiro (2013) argue that this non-
reductionist valuation process prevents the neglect of the values and the contributions
of ES to human well-being, for it integrates the objectives of ecological sustainability,
social justice and economic efficiency. From this perspective, Andrade and Romeiro
(2013) suggest that the valuation needs to encompass not only market prices, but also
non-economic values associated with the ecosystems. This implies the consideration of
the interdependencies that exist between the components of the natural capital and the
visions that different groups of individuals hold regarding the various categories of ES with
their respective cultural and ethical dimensions. Andrade and Romeiro (2013) therefore
highlight that valuation models need to be dynamic, subject to constant refinement, so
that they can best represent the interactions between the natural and human environ-
ments. Models that are dynamic will facilitate the negotiation process for PES schemes,
making the schemes more transparent.

Finally, Wunder himself (2015, p. 241), some 10 years after his original exposition
on PES, has revisited his definition of PES, taking into consideration the criticisms and
analyses which have appeared in the scientific literature. From these starting points,
Wunder (2015, p. 241) proposes the concept of an ideal model for PES, including the
following alterations to his previous definition, a PES is: “(1) voluntary transactions (2)
between service users (3) and service providers (4) that are conditional on agreed rules
of natural resource management (5) for generating offsite services.”

Independent of the framing of a definition of PES, the fact is that PES schemes have
been put into practice since the 1990s, each with specific features, regarding objectives,
adopted institutional arrangements, inclusion of governmental prerogatives and responses
to the concerns of local populations (ELOY, COUDEL; TONI, 2013). The principal PES

schemes which have been documented around the world fall into the following ES cat-
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egories: carbon capture or retention, conservation of biodiversity, conservation of water
resources, and conservation of natural beauty (WUNDER et al., 2009). Balvanera et al.
(2012) have performed a survey covering Latin America, and found that few services are
considered in schemes of PES, notably there is a predominance of ES related to carbon
and water. The first instances of PES schemes in Brazil follow this same line, being focused
upon the conservation of water resources, the maintenance of native forests, and the
adoption of agroecological practices (ELOY, COUDEL; TONI, 2013).

However, the current situation in Brazil reveals signs of a diversification in the ES
which appear in the PES schemes that are now in operation or are in the proposal phase.
From an analysis of the regulatory instruments accompanying government supported PES
schemes proposed up to the end of 2012, it can be perceived that there are schemes of
wide scope, such as found in the proposal for a National Policy on PES (BRASIL, 2007),
which considers ES of any type, and others that are specific, including programs in the
states of Acre, Santa Catarina, Rio de Janeiro, Espirito Santo, and Parani. Among the
cases where the ES are specified, there are explicit schemes related to the following objec-
tives: retention or capture of carbon (ACRE, 2010; RIO DE JANEIRO, 2011; PARANA,
2012), conservation of biodiversity (ACRE, 2010; SANTA CATARINA, 2010; RIO DE
JANEIRO, 2011; PARANA, 2012), soil conservation (ACRE, 2010; SANTA CATA-
RINA, 2010), water conservation (ACRE, 2010; SANTA CATARINA, 2010; RIO DE
JANEIRO, 2011; ESPIRITO SANTO, 2012; PARANA, 2012), conservation of natural
beauty (ACRE, 2010; SANTA CATARINA, 2010), and conservation of natural resources
(ESPIRITO SANTO, 2012).

Beyond payment schemes that specifically target ES, there are in Brazil govern-
ment programs and projects that follow the same principles as PES schemes. These
include programs related to soil conservation (SAO PAULO, 1993, 1997; EXTREMA,
2005; OLIVEIRA; ALTAFIN, 2008), water conservation (SAO PAULO, 1993, 1997,
EXTREMA, 2005; ACRE, 2008; MINAS GERALIS, 2008; OLIVEIRA; ALTAFIN, 2008;
SAO PAULQ, 2009, 2010), retention or capture of carbon (ACRE, 2008; BRASIL, 2008;
OLIVEIRA; ALTAFIN, 2008; SAO PAULO, 2009, 2010; BRASIL, 2010; BRASIL,
2011a), conservation of biodiversity (ACRE, 2008; MINAS GERAIS, 2008; OLIVEI-
RA; ALTAFIN, 2008; SAO PAULO, 2009, 2010; BRASIL, 2011a), and conservation of
natural resources (AMAZONAS, 2007; ACRE, 2008; BRASIL, 2008; BRASIL, 2011a,
2011b). In relation to the mechanisms of payment for the ES, this may be financial,
through remuneration when practices that generate ES are adopted (EXTREMA, 2005;
AMAZONAS, 2007; BRASIL, 2007; ACRE, 2008; BRASIL, 2008; MINAS GERALIS,
2008; OLIVEIRA; ALTAFIN, 2008; SAO PAULO, 2009, 2010; BRASIL, 2010; SAN-
TA CATARINA, 2010; BRASIL, 2011a, 2011b; RIO DE JANEIRO, 2011; ESPIRITO
SANTO, 2012; PARANA, 2012), or non-monetary, for example by fomenting activities
that generate ES (SAO PAULO, 1993, 1997; BRASIL, 2007; OLIVEIRA; ALTAFIN,
2008; ACRE, 2010).

Thus, it can be perceived that within Brazil there are developments in the regula-
tory framework at all levels, federal, state and municipal, for the implementation of PES
schemes related to the following objectives: reduction of emissions of greenhouse gases
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(GHG) /carbon stock increases, conservation of biodiversity, soil and water conservation,
conservation of natural beauty, and conservation of natural resources. The principal activi-
ties represented within these schemes are focused on the preservation and conservation
of forests, through increasing forest coverage and improving the connectivity between
forest fragments, linked to the adoption of practices that conserve soil and water.

The target audiences for the PES schemes operating in Brazil generally fall into
one of two categories: those who adopt best productive practices, and those who promote
the conservation of natural resources and RDA. Notable members of the first category
are small producers, family producers, the inhabitants of rural and forest settlements, and
traditional communities (ACRE, 2008; SANTA CATARINA, 2010). Rural landowners
and facilitators, particularly those with activities encouraging the conservation of forests
and water resources, are found in the second category (ACRE, 2010; SANTA CATA-
RINA, 2010; RIO DE JANEIRO, 2011; ESPIRITO SANTO, 2012; PARANA, 2012).

It may further be noted that, for the PES schemes which have been evaluated,
the payment is not related to the quantity of ES effectively generated. An explanation
for this situation has been suggested by Eloy, Coudel and Toni (2013), who indicate that
the majority of the schemes consider the maintenance of natural vegetation as a proxy
for ES delivery, which reduces the interest in quantifying the ES generated. Brazil is in
the initial stages of developing a regulatory framework for PES, and these findings point
to the importance of relating payment to an activity which leads to the conservation or
restoration of an ES. This appreciation concords with that of Kroeger (2013), who has
defended the view that difficulties such as the quantification of the improvements to
human life provided through PES should not impede the dissemination of PES schemes.
Kroeger (2013) explains that as understanding of the quantification issues evolves, so
this knowledge can be incorporated into existing PES schemes.

4, Method

The research reported in this article was of an exploratory nature and followed a
qualitative approach. The instruments utilized were a bibliographic review, followed by
a content analysis of the papers identified as relevant. Since the study was exploratory
and guided exclusively by bibliographic research, the choice of the keywords for review
followed exactly the constructs of the research, so that the established objective could
be achieved.

To provide data to support the evaluation of the current state of the identification
of ES related to adopted and potential practices for the RDA of former mining operations,
searches were performed within the following digital databases: Scielo, Science Direct,
Infoteca maintained by Embrapa, and Dedalus. The search period was defined as the
years 2000 to 2012. Science Direct provides access to the scientific literature in English,
and the selected keywords were recovery, degraded area and mining. The other databases
hold information on publications in Portuguese, and were accordingly searched with the
keywords recuperacdo (recovery), dreas degradadas (degraded areas) and mineragdo (min-
ing). The result of these searches was the identification of eight articles.
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In the search for material from which to develop an assessment of possible ES that
could be added to existing techniques for the RDA of former mining operations, given the
current panorama of PES in Brazil, the searches described in the previous paragraph were
widened. Thus, the period was extended to cover 1990 to 2012, and mining (mineracdo)
was dropped from the list of keywords. The same databases were searched, and a total of
43 papers were obtained.

The next stage was the utilization of the framework developed by Bardin (2007)
to conduct a content analysis of the articles, which provided a systemic ordering of the
information. Content analysis is a technique which allows a systematic and objective evalu-
ation of the content of communications, even technical articles, which is not restricted
to a description of the contents, but draws inferences about the communication, seeking
to identify the causes and effects of the message (MARTINS; THEOPHILO, 2009).

The content analysis, following the precepts of Bardin (2007), was applied to the
following types of articles:

a) studies that have verified the environmental benefits (services) generated by
the RDA of former mining operations in Brazil (eight studies in total). The keywords of
the bibliographical database searches were utilized as coding categories. The articles were
subsequently submitted to qualitative analysis by means of two grouped categories created
according to a semantic criterion (themes), these were techniques adopted in the RDA
of former mining operations and management employed. This was followed by the infer-
ence phase of the data treatment for the categories, which permitted the identification
of the associated environmental service.

b) studies that reported on the use of RDA techniques, both adopted and potential,
in general RDA projects (not restricted to RDA projects for mining). The intent was
the identification of a broader range of environmental benefits (services). The keywords
of the bibliographical database searches were utilized as coding categories. The articles
were subsequently submitted to qualitative analysis utilizing only one grouped category
under a single semantic criterion (theme), which was the techniques adopted in the RDA.
Thereafter, the inference step was performed for identification of the ES. Since the studies
were not limited to mining, the power of the analysis was increased.

5. Environmental services associated with the reclamation of areas degraded
by mining

The RDA is the phase in mining activities which envisions the mitigation of and/
or compensation for the negative impacts caused to the natural environment and the
affected population. Therefore, it may be considered that the RDA of former mining ope-
rations can generate benefits for the environment and for society, since the RDA permits
the reestablishment and/or the improvement of characteristics of the ecosystem which
was degraded by the mining activities. In this context, the RDA of mining operations fits
into the broader field of ES, and the RDA techniques analyzed in this section, which are
principally of revegetation, have identified some ES.
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A consolidation of the results of the bibliographic research on RDA for mining
operations appears in Table 1, which highlights the RDA practices adopted for different
mining activities, and the possible ES identified through the content analysis. Table 2
takes a broader view of RDA practices, in that it is not restricted to mining operations
and the associated ES. The objective here is to highlight the applicability of this more
extensive set of practices in the context of mining operations, and also to identify the ES
gained through the implementation of the practices.

The results of the research lead to an appreciation of the link between RDA
practices and the generation of associated ES. In Table 1, the presentation is limited to
conventional RDA practices for mining operations and other productive activities, while
Table 2 examines RDA techniques with the potential for the use in mining. This synthe-
sis, in Tables 1 and 2, of the data extracted from the bibliographic research provides a
starting point for a discussion of a PES scheme which might eventually be proposed for
the mining sector in Brazil.

Table 1. ES identified in RDA practices for mining operations.

Adopted post- Management adopted to encourage Mining Environmental services identified Reference
mining RDA restoration of ecosystem services operation
technique responsible for
degradation
Revegetation Mineral fertilization, subsoiling, and Extraction of Increase in soil organic matter Moreira (2004)
with native topsoil replacement bauxite content; biological reconstitution
species of the soil; increased production of
dry matter from green fertilization,
increased nutrient turnover (nitrogen,
phosphorus and potassium)
Planting of native species Extraction of Substrate quality improvement; Almeida (2010)
sand facilitation of natural regeneration
Planting of native species Extraction of Facilitation of forest regeneration Knapik and
sand (high plant survival rate) Maranho (2007)
Natural regeneration with conservation | Extraction of gold | Attraction of disperser fauna; Rodrigues,
of surrounding fragments facilitation of secondary succession Martins and
Barros (2004)
Planting pf Bracatinga (Mimosa Extraction of clay | Facilitation of forest regeneration Regensburger
scabrella), with land grading, addition (greater soil coverage by tree stands, (2004)
of fertilizers and litter, and installation facilitation of seed introduction
of artificial perches from other areas, facilitation of seed
dispersion, promotion of natural
regeneration)
Revegetation Planting of Acacia mangium Extraction of Species diversity increase of Caproni et al.
with exotic bauxite arbuscular mycorrhizal fungi in (2005)
commercial recovered substrate
species
Bioremediation Use of rhizobacteria, producers of Extraction of coal | Reduction of soil and water Pereira and
endospores, linked with planting contamination; facilitation of plant Castro-Silva
of Tibouchina wrvilleana, in an area growth in areas contaminated (2010)
degraded by mining waste by heavy metals; reduction of
rhizosphere toxicity from heavy metals
Use of cyanobacteria Extraction of gold | Reduction of soil and water Souza (2007)
contamination

Source: Constructed by the authors, through bibliographic research and content analysis.
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Table 2. ES associated with general RDA practices, displaying potential for imple-
mentation in RDA for mining.

for community
forest
management

timber and non-timber products

RDA technique | Identified environmental services References
Revegetation Increased nutrient levels and litter in the soil Grubb (1995); Kobayashi (2004); Macedo et al. (2008);
Jeddi and Chaieb (2012)
Productivity restoration; erosion reduction Parrotta (1992); Montagnini (2000);
Biodiversity increase; acceleration of regeneration Guariguata, Rheingans and Montagnini (1995);
process Kuusipalo et al. (1995); Haggar, Wightman and Fisher
(1997); Keenan et al. (1997); Lugo (1997); Parrotta,
Turnbull and Jones (1997); Powers, Haggar and Fisher
(1997); Keenan et al. (1999); Ashton et al. (2001);
Carnevale and Montagnini (2002); Jeddi and Chaieb
(2012)
Diversification promotion for arbuscular mycorrhizal Newsham, Fitter and Watkinson (1995); Guerrero,
fungi; facilitation of ecological succession Rivillas and Rivera (1996); Alguacil et al. (2011)
Facilitation of plant establishment; facilitation of Newsham, Fitter and Watkinson (1995)
nutrient and water absorption; protection against
root pathogens (all resulting from mycorrhizal fungus
diversification)
Reestablishment of soil carbon stocks; carbon Macedo et al. (2008)
sequestration; water quality improvement
Facilitation of biodiversity reconstitution; attraction Cusack and Montagnini (2004)
of disperser fauna; facilitation of ecological succession;
provision of timber for commercialization
Revegetation Facilitation of development of plant species less McNamara (2006)
with exotic tolerant of adverse conditions; provision of forestry
commercial products
species Soil condition improvements; facilitation of Lamb and Tomlinson (1993); Jeddi and Chaieb (2012);
development of plant species less tolerant of adverse
conditions
Increase/conservation of biodiversity McNamara (2006); Jeddi and Chaieb (2012)
Water resource protection; increased resilience to McNamara (2006)
negative environmental impacts
Bioremediation | Soil and water decontamination Roitman, Travassos and Azevedo, (1987); Melo
and Azevedo (1998); Accioly and Siqueira (2000);
Pires et al. (2003); Sprocati et al. (2006); Soares and
Casagrande (2007); Souza (2007)
Revegetation Improved production of forest resources; supply of Kobayashi (2004); Nawir, Murniati and Rumboko

(2007)
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Table 2 ES associated with general RDA practices, displaying potential for implemen-

tation in RDA for mining (continued)

RDA technique

Identified environmental services

References

Revegetation
with
agroforestry
systems (AFSs)

Supply of agroforestry products

Brienza Jdnior, Vieira and Yared (1995); Amador
(1999); Armando et al. (2002); Favero, Lovo and
Mendonga (2008)

Carbon sequestration

Jose (2009); Aerts and Honnay (2011)

Improved nutrient flux

Wadt (2003); Favero, Lovo and Mendonga (2008);
Jose (2009); Aerts and Honnay (2011)

Improved water quality

Jose (2009); Aerts and Honnay (2011)

Habitat provision for perturbation tolerant species;

Jose (2009)

facilitation of germplasm preservation of sensitive
species; facilitation of connectivity between forest
remnants; pest control; plant pollination and seed
dispersion; flood mitigation; soil property improvements
— physical, chemical and biological; limitation of air-
borne particulate and odor dispersion; sound pollution
reduction

Soil

bioengineering

Pinheiro (1971); Fernandes (2004); Galas (2006);
Holanda, Rocha and Oliveira (2008)

Lemes (2001)

Avoiding soil erosion

Reduction in quantity of water reaching the soil;
reduction of positive pore pressure / elevation of
suction pressure; increased soil-root cohesion

Development facilitation for riparian vegetation Holanda, Rocha and Oliveira (2008)

Source: Constructed by the authors, through bibliographic research and content analysis.
5.1 Conventional RDA techniques in mining and their associated ES

Revegetation has been predominantly adopted for medium and large mines situ-
ated in rural zones of Brazil. The purpose has been to attenuate the visual impact of the
former mine workings (BITAR, 1997) or to satisfy legal requirements for the reclamation
of areas which have been mined (SANTO; SANCHEZ, 2002). Evans et al. (2013) have
argued that revegetation of areas degraded by mining is a long and difficult process, that
requires periodic monitoring and evaluation, to assess both progress and the appearance
of intermediate ES delivered by the reclamation. Regular following of the reclamation
permits adaptation of the management of the area to promote the success of the RDA
program, so that lost ES are restored. Evans et al. (2013) cited the following list of ES
as associated with the revegetation of areas degraded by mining: 1. regulation of water
quality and quantity, 2. soil formation and increased infiltration capacity, 3. carbon
sequestration, 4. nitrogen fixation, 5. aquatic habitat protection, 6. erosion control, 7.
facilitation of increased biodiversity, 8. increased resilience, 9. food production, and 10.
habitat provision for wildlife.

Revegetation with native species

There have been studies of revegetation of mining areas with native species, such

as those performed by Moreira (2004) e Almeida (2010), which have demonstrated ES
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related to improvements in the physicochemical and biological conditions of the soil.
Knapik and Maranho (2007), Almeida (2010), Rodrigues, Martins and Barros (2004),
and Regensburger (2004) have identified ES linked to the facilitation of land coverage
by vegetation. The ES identified in these studies are listed in Table 1.

Studies which have evaluated the performance of revegetation as a measure for
general RDA (not specifically for the mining sector) corroborate the findings of Table 1
concerning the identification of associated ES. Many authors have mentioned the capacity
of rejuvenated vegetation to effect improvements in the physicochemical and biological
properties of the soil; examples can be found in articles by Parrotta (1992), Grubb (1995),
Montagnini (2000), Kobayashi (2004), Macedo et al. (2008), and Jeddi and Chaieb (2012).

Proof of the potential of revegetation with either native or exotic species to faci-
litate the development of land coverage by vegetation can be found in various studies,
such as those by Kuusipalo et al. (1995), Guariguata, Rheingans and Montagnini (1995),
Haggar, Wightman and Fisher (1997), Lugo (1997), Parrotta, Turnbull and Jones (1997),
Powers, Haggar and Fisher (1997), Keenan et al. (1997), Keenan et al. (1999), Ashton et
al. (2001), Carnevale and Montagnini (2002), and Jeddi and Chaieb (2012). Newsham,
Fitter and Watkinson (1995), Guerrero, Rivillas and Rivera (1996), and Alguacil et al.
(2011) have pointed out the importance of heterogeneity within the diversity of the plant
species utilized in a revegetation program in order that ES related to the facilitation of
the development of land coverage by plants are promoted.

Table 2 presents a complete listing of the ES identified through content analysis
of the cited studies. Comparison of the lists of associated ES presented in Table 1 (RDA
for mining) and Table 2 (general RDA) suggests that additional ES could be associated
with revegetation programs for areas degraded by mining. Specific examples are the ES
observed by Macedo et al. (2008) which are related to improvements in the quality of
water resources and increases in carbon stocks, and those pointed out by Cusack and
Montagnini (2004), which are linked to biodiversity and the supply of timber products.

Revegetation with exotic commercial species

One great barrier encountered in revegetation with native species is the lack of
species which are able to tolerate the adverse conditions encountered in degraded areas.
An option in these instances is the use of exotic species better adapted to these hostile
locations. Once these species have improved the soil conditions, the reintroduction and
development of species less tolerant to the adverse conditions becomes possible (LAMB;
TOMLINSON, 1993).

An example can be found in work by Caproni et al. (2005), where they identified
ES related to improvements in the substrate conditions resulting from revegetation of
an area degraded by mining with an exotic species of the leguminous acacia shrub (Aca-
cia mangium). The observations made by Caproni et al. (2005) are consistent with an
earlier study by Silva et al. (1994), who had found that the planting of leguminous trees
in degraded areas increased the diversity of species of arbuscular mycorrhizal fungi and
the number of spores from these fungi, as well as the development of ectomycorrhizal
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associations with the fungi. Acting in concert, these fungus-based services assisted in the
improvement of the substrate conditions.

In addition to the ES associated with the planting of acacia that are presented
in Table 1, various authors have pointed out that acacia can be used to overcome the
ecological and economic impasses of RDA programs, in the process generating other
ES. As an example, there is the study by McNamara et al. (2006), which identified ES
related to the facilitation of the development of land coverage by vegetation and to the
supply of forestry products by means of planting the land with the acacia species Acacia
auriculiformis. McNamara et al. (2006) have further highlighted that RDA techniques
which associate the employment of exotic commercial species with the development of
native vegetation are in addition capable of promoting ES related to water conservation,
biodiversity, soil conditions, and natural resources in general. Jeddi and Chaieb (2012)
have identified ES related to the improvement of biodiversity, of soil conditions, and of the
development of plant cover resulting from revegetation with the species Acacia salicina.
Table 2 also presents the ES which were identified in these studies.

It is important to point out that although implantation with monocultures of exotic
species of rapid growth may be an important option in reaching some objectives of an RDA
program, this monoculture technique cannot meet all the demands of plans directed to
the generation of ES. Additional actions are required to deliver ES such as water course

protection and biodiversity conservation (SAYER; CHOKKALINGAM; POULSON,
2004; KANOWSKI; CATTERALL; WARDELL-JOHNSON, 2005).

Bioremediation

Landscape reshaping and soil management are necessary and indivisible steps
in any RDA project for areas affected by mining. This is especially true in revegetation
programs for degraded areas, where decontamination of the soil and water resources are
essential steps required to guarantee the chemical stability of the area and must precede
the revegetation. The preferred method of stabilizing degraded land prior to revegetation
is through bioremediation.

The increase in areas contaminated by organic compounds has led to a search
for efficient methods for their decontamination, with key factors in method selection
being cost, time and the ease of execution of the technique (WAIHUNG, CHUA;
LAM, 1999). Among the available measures, bioremediation deserves highlighting. In
bioremediation, plants and microorganisms, for example bacteria and fungi, are utili-
zed to degrade contaminants present in the soil or in subterranean water (ACCIOLY;
SIQUEIRA, 2000; PIRES et al., 2003; SOUZA, 2007). Even though bioremediation
may not be capable of completely eliminating all contaminants, it does offer immo-
bilization of heavy metals. This establishes bioremediation as a viable approach for
the decontamination of soil and water, with the bioaccumulation of heavy metals
reducing the risk of these metals entering the food chain (SPROCATI et al., 2006).

Phytoremediation is one example of a bioremediation strategy, which, according to
Soares and Casagrande (2007), involves the employment of plants and their associated
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microbial communities in the soil, as well as management practices. Among the sym-
biotic relationships that exist between bacteria and plants, those involving rhizobacteria
are especially important in bioremediation, for these bacteria act in the absorption and
accumulation of metals (ROITMAN; TRAVASSOS; AZEVEDQO, 1987; MELO and
AZEVEDO, 1998).

ES identified as attributes of bioremediation from the content analysis of general
RDA studies are presented in Table 2. From the studies which specifically addressed the
RDA from mining, Souza (2007) and Pereira and Castro-Silva (2010) have identified
that bioremediation offers ES related to improvements in soil conditions and water re-
source quality. Pereira and Castro-Silva (2010) have further highlighted ES related to the
facilitation of land coverage by vegetation. The ES identified from the analysis of RDA
studies that targeted mining are presented in Table 1.

5.2 Systems and techniques with potential for use in RDA for mining and
their associated ES

Examination of Table 1 alongside Table 2 suggests that the studies performed to
investigate the potential of revegetation in the reclamation of areas degraded by mining
are insufficient, at least in regard to exploring a variety of revegetation strategies. As
examples, there are two types of revegetation schemes for RDA which appear in Table 2
that could be adapted and studied for application in the mining sector: revegetation for
community management and revegetation with agroforestry systems (AFSs). Revegeta-
tion for community management is distinguished from conventional revegetation by its
consideration of the needs and interests of the community that it will support, a premise
in schemes for the community management of natural resources (BENATTI; McGRATH;
OLIVEIRA, 2003). Given the presence of trees in productive operations, agroforestry sys-
tems stand out for their ability to offer benefits in two spheres. AFSs generate commercial
products and income, while at the same time they offer ES in the form of land coverage
by vegetation and the maintenance of ecological functions (RIGHI, 2015). Seen from
this perspective, the combination of production and ES offered by revegetation under
an agroforestry system offers the best exploitation of the natural resources (BRIENZA
JUNIOR; VIEIRA; YARED, 1995).

Kobayashi (2004) and Nawir, Murniati and Rumboko (2007) have highlighted the
ES generated by revegetation for community management, citing services related to the
restoration of land productivity, and to the supply of timber and non-timber products;
their findings are presented in Table 2. Brienza Janior, Vieira and Yared (1995), Amador
(1999), Armando et al. (2002), and Favero, Lovo and Mendonga (2008) have drawn
attention to the ES generated by AFSs, which are related to the supply of agroforestry
products. Additional ES, related to improvements in soil conditions, have been pointed
out by Féavero, Lovo and Mendonga (2008) and Jose (2009). Beyond these ES, Jose
(2009) has detailed others related to increasing carbon stocks, conservation of air and
water resource quality, and to the conservation of biodiversity. Wadt (2003) and Aerts
and Honnay (2011) support the conclusions concerning the links between revegetation
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through AFSs and some of the ES identified in the previously cited articles. Wadt (2003)
and Aerts and Honnay (2011) assert that forests containing a diversity of tree species
are generally more productive, and possess a greater capacity for carbon sequestration
and for improving regulating services, such as those associated with water quality and
nutrient flow.

In addition to revegetation, Coelho (2005) has indicated that soil bioengine-
ering has potential as an RDA technique for mining operations. Soil bioengineering
or natural engineering may be regarded as an alternative technology, which employs
ecological criteria to solve problems of areas that suffer under the action of natural or
anthropogenic erosion processes. In application, the technology of soil bioengineering
consists of pooling living systems (plants or parts of plants) such as the roots, trunks and
branches of trees with inert elements for example crushed rock, gravel, stones, timber,
and concrete. Focusing on the living material, the stalks and roots of plants are used as
structural and mechanical elements for the containment, protection and strengthening
of the soil (FERNANDES, 2004).

According to Pinto (2009), particular advantages of soil bioengineering in RDA are
the low implementation costs of the techniques and the minimal use of heavy equipment.
Costs are low because the techniques favor the utilization of locally available materials,
while the lack of need for the use of heavy equipment and limited disturbance of the
ground permit the execution of soil bioengineering in places where access is difficult.

Pinheiro (1971), Coelho (2005), Galas (2006), Lemes (2001), and Holanda, Rocha
and Oliveira (2008) have described the ES associated with soil bioengineering which
are related to improvements in the soil conditions. Holanda, Rocha and Oliveira (2008)
have in addition highlighted ES related to the facilitation of the development of land
coverage by vegetation, which can be associated with soil bioengineering techniques.
The ES identified in the studies that examined soil bioengineering as a measure in RDA
are presented in Table 2.

6. Discussion

Table 1 may be considered an identification, based on the recent literature, of the
ES offered by RDA practices which are currently applied to mining. The identified ES
are related to improvements in the conditions (physical, chemical, and biological) of
the soil/substrate, improvements in the quality and quantity of water resources, and the
facilitation of the development of coverage of the land by vegetation.

A comparison of Table 1 with Table 2 leads to the conclusion that the ES provided
by the RDA techniques applied in mining are not the totality of the ES that could be
generated. A partial explanation can be found in the principal negative environmental
impacts which are invariably most recognized as the consequences of mining activities.
These impacts are loss of soil, loss of vegetation, pollution, and alterations in the quality
and quantity of water resources. Thus, it can be understood why studies on RDA in mi-
ning are directed at the recovery of the following targets: soil environmental conditions,
water resources, and land coverage by vegetation.
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As can be seen by an inspection of Table 2, general studies of RDA, meaning those
not specifically for the mining sector, have identified a greater range of ES associated
with the adopted techniques. There is then the potential for the application of additional
RDA practices in mining so that more ES can be generated. An examination of the ES
offered by general RDA practices identifies that in addition to the most recognized ES,
listed at the end of the previous paragraph, RDA for mining could offer ES related to the
following: restoration of land productivity, facilitation of biodiversity, increasing carbon
stocks, and supplying of timber and non-timber products.

The analysis performed within the present research illustrates that there are oppor-
tunities in the mining sector for RDA initiatives that will expand the range of associated
ES, offering a diversification in the ES that could be provided in RDA projects for mining.
Recognizing these possibilities, there are two directions open to mining companies. They
could opt to recover their degraded areas using techniques that maximize the ES currently
generated, inserting their reclamation projects into existing PES schemes, or they could
request the creation of PES schemes specifically designed for the mining sector.

Andrade and Romeiro (2013) have examined the valuation of an ES from the
viewpoint of Ecological Economics, and indicated that an essential stage in the process
is the performance of an ecosystem evaluation, in which an explicit enumeration of the
ES resulting from human activities is derived. Proceeding from this premise, the iden-
tification of the ES potentially associated with RDA techniques for mining is an initial,
but fundamental step, for the inclusion of these ES in a PES scheme aimed at the mining
sector. The objective here is to ensure that ES generated through an RDA project for
mining do not become invisible. Eloy, Coudel and Toni (2013) have pointed out the ES
valuation problems encountered in management practices that promote sustainable use.
They explain that practices which foster non-use (for instance, the preservation of natural
vegetation) are more easily related to the generation of ES than management systems
that promote sustainable use. Managed systems require a more complex monitoring so
that the generated ES can be identified and included in the valuation. Projecting these
arguments on to RDA for mining, the importance of the identification of the possible ES
generated by an RDA program becomes apparent.

Although there is a legal obligation for companies to have RDA programs, it would
be possible to develop PES schemes to encourage the adoption of RDA measures which
would promote ES. Financial incentives could give impetus to the use of best practi-
ces, increasing the environmental benefits rendered by reclamation and conservation
programs. In this respect, the so-called legal reserves of Brazil, which is land set aside
for the conservation and preservation of native fauna and flora, provide an example.
According to Oliveira and Bacha (2003), in 1998 less than 10% of rural properties had
registered land under the legal reserve scheme, and in general the fraction of land area
of each property allocated as legal reserve was less than 10%. Based on this experience,
Oliveira and Bacha (2003) concluded that it is difficult to obtain compliance with legal
requirements without economic stimuli.

This need for economic stimuli to ensure the adoption of best practices is widely
reflected in PES schemes already operating in Brazil. Thus, some schemes foresee remu-
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neration or other support for the recovery and conservation of the legal reserve and areas
designated for permanent preservation. Two examples of schemes in this category are the
Socio-Environmental Development Program for Production by Rural Families (Programa
de Desenvolvimento Socioambiental da Produgio Familiar Rural; OLIVEIRA; ALTAFIN,
2008) and the National Program for the Recovery and Conservation of Land Coverage
by Vegetation (Programa Nacional de Recuperacio e Conservacdo da Cobertura Vegetal;
BRASIL, 2008). Many schemes contemplate payments and/or support for actions linked
to the conservation of permanent preservation areas, examples here include the following
state-level programs: Watershed Program of the State Technical Advisory Committee
(Programa Estadual de Microbacias Hidrograficas da Coordenadoria de Assisténcia Téc-
nica Integral; SAO PAULO, 1993, 1997; NEVES NETO; HESPANHOL, 2009), Green
Grants (Bolsa Verde; MINAS GERAIS, 2008), Forest Remnants Program (Programa
de Remanescentes Florestais; SAO PAULO, 2009, 2010), and the State PES Program
(Programa Estadual de PSA; RIO DE JANEIRO, 2011).

It should be emphasized that such PES schemes complement the obligatory
command and control actions that exist for the conservation of areas that are legally
protected (SANTOS et al., 2012). The schemes are not the only manner in which best
practices for environmental recovery are fomented, but they can act as an incentive to
the adoption of best practices.

A similar line of reasoning, applied to the mining sector, serves to emphasize the
potential contributions of PES programs in the encouragement of best RDA practices
within the Brazilian mining sector. The findings of Teixeira (1992) and Bitar (1997) cor-
roborate this view. Both Teixeira (1992) and Bitar (1997) found that, despite the fact that
RDA by mining is a legal requirement, the obligations are not always fulfilled. Jesus and
Sanchez (2013) have observed that in many cases the implementation of a reclamation
plan that satisfies the criteria of the relevant environmental agency does not guarantee
satisfactory reclamation.

PES schemes designed for the mining sector could encourage the mine operating
companies to adopt reclamation techniques which would be more beneficial to the natural
environment and to the population affected by the mining activities. Such schemes would
tend to improve the image of the sector, which is commonly linked to the negative impacts
generated by mining activities, and add value to their actions in the area of social responsi-
bility. Kapelus (2002), Jenkins (2004), and Jenkins and Yakovleva (2006) have highlighted
the gaining of a positive image as a paradigm which the sector should strive to attain.

The results of the present research indicate that the ES which could potentially
become associated with RDA for mining operations match those contemplated in PES
schemes which are currently active in Brazil and in PES schemes in the proposal phase.
This reinforces a basic proposition of this article, that there are opportunities for the
insertion of the mining sector into the broad context of PES in Brazil.

Although there is still a need to identify the range of ES associated with RDA for
mining, there can be little doubt that the deployment of PES that cover the activities of
the mining sector will be a way to extend the services beyond the current boundaries.
Balvanera et al. (2012) have described RDA for mining as having a reductionist focus,
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with a predominance of services directed at water supply and carbon mitigation. Expansion
will be a sign that the PES schemes are fulfilling the conditions established by Wunder
(2015) as the societal expectations from PES.

7. Conclusions

The current situation in Brazil presents a scenario with the potential for diversifi-
cation in the ES which is offered during the reclamation phase of mining operations. The
results from an analysis of the literature demonstrate the following: i) the conventional
RDA practices — revegetation with native plants, revegetation with exotic plants, and
bioremediation — used by the mining sector generate a variety of ES; ii) other practices
which have not usually been implemented by the mining sector, such as revegetation
for community forest management, revegetation under agroforestry systems, and soil
bioengineering, could be adopted with the potential addition of further, relevant ES; and
iii) the substantiation of the potential for a diversified offering of ES sets a framework
within which to examine conjectures about the feasibility of proposals for the deployment
of PES schemes for the Brazilian mining sector. A targeted PES scheme is one option
for encouraging best RDA practices, another means is the insertion of the actions into
programs which already exist. Indeed, there are PES schemes which remunerate actions
that generate the ES, both identified and potential, associated with RDA for mining. In
this context, attention should focus principally on those schemes which address ES related
to soil and water conservation, biodiversity conservation, increasing carbon stocks, and
conservation of natural resources.

So that PES associated with the mining sector can eventually become a reality,
whether through insertion into existing schemes or by the deployment of a specific scheme,
studies addressing the following are necessary:

¢ diversification of the reclamation techniques applied to areas degraded by mining,
based upon techniques that are in general use (not limited to mining).

* evaluation of the results of reclamation techniques applied to areas degraded by
mining. Immediate objectives should be the identification of the ES which are in
practice generated by different techniques, and the discernment of the contexts
where they will be most successful. In the longer term, these evaluations may
confirm the potential for ES generation by different techniques available for the
reclamation of areas degraded by mining.

* deepening of knowledge about ES related to soil and water conservation,
biodiversity conservation, increasing of carbon stocks, conservation of natural
resources, land productivity restoration, and the supply of timber and non-timber
products. Each of these ES have the potential to become associated with RDA
for mining,

* development of criteria for the designing of a PES scheme specifically for the
mining sector, taking into account the characteristics of mining operations
encountered in Brazil.
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* development of mechanisms for the identification, monitoring and evaluation
of the ES generated by the full range of current and potential reclamation te-
chniques, recognizing the different mining contexts under which they might be
applied in Brazil.

Note

i PRAD is the acronym for Plano de Recuperacdo de Areas Degradadas in Portuguese language.
References

ACCIOLY, A. M.; SIQUEIRA, J. O. Contaminagio quimica e biorremediag¢ao do solo.
In: NOVAIS, R. E; AVAREZ, V. H.; SCHAEFER, C. E. (Eds.). Tépicos em ciéncia do
solo. Vigosa: Sociedade Brasileira de Ciéncia do Solo, 2000. p. 299-352.

ACRE (Estado). Lei estadual n°2.025 de 20 de outubro de 2008. Cria o Programa Es-
tadual de Certificagao de Unidades produtivas Familiares do Estado do Acre. 2008.

ACRE (Estado). Lei n° 2.308, de 22 de outubro de 2010. Cria o Sistema Estadual de
Incentivos a Servicos Ambientais- SISA, o Programa de Incentivos por Servicos
Ambientais - ISA Carbono e demais Programas de Servicos Ambientais e Produtos
Ecossistémicos do Estado do Acre e d4 outras providéncias. 2010.

AERTS, R.; HONNAY, O. Forest restoration, biodiversity and ecosystem functioning.
BMC Ecology, v. 11, p. 2-10, 2011.

ALGUACIL, M. M. et al. Plant type differently promote the arbuscular mycorrhizal
fungi biodiversity in the rhizosphere after revegetation of a degraded, semiarid land. Soil
Biology & Biochemistry, v. 43, n. 1, p. 167-173, Jan. 2011.

ALMEIDA, M. R.; LIMA, H. M. Garantia financeira para fins de fechamento de mina e
o0 seu impacto na viabilidade de uma mina: estudo de caso de uma mina de grande porte.

Revista da Escola de Minas, v. 61, n. 2, p. 203-209, 2008.

ALMEIDA, R. O. P O. Indicadores de qualidade de substrato para monitoramento de
areas revegetadas: estudo dirigido & mineragio de areia. 2010. Tese (Doutorado) — Escola
Politécnica, Universidade de Sdo Paulo, Sao Paulo, 2010.

AMADOR, B. D. Restauracao de ecossistemas com sistemas agroflorestais. Piracicaba:
Embrapa, 1999.

AMAZONAS (Estado). Decreto n.2 26.958 de 04 de setembro de 2007. Institui o
Programa bolsa Floresta do Governo do Estado do Amazonas, na forma que especifica,
e da outras providéncias. 2007.

ANDRADE, D. C.; ROMEIRO, A. R. Valoracéo de servigos ecossistémicos: por que e
como avangar! Sustentabilidade em Debate, v. 4, n. 1, p. 43-58, jan./jun. 2013.



Environmental services associated with the reclamation of areas degraded by mining 157

ARMANDO, S. M. et al. Agrofloresta para agricultura familiar. Brasilia: Ministério da
Agricultura, Pecudria e Abastecimento, 2002. (Circular Técnica).

ASHTON, M. et al. Restoration pathways for rain forest in southwest Sri Lanka: a review
of concepts and models. Forest Ecology and Management, v. 524, n. 3, p. 409-430, Dec.
2001.

AVALIACAO ECOSSISTEMICA DO MILENIO. Relatério-Sintese da Avaliagdo
Ecossistémica do Milénio. [S.l.]: AEM, 2005.

BALVANERA, P, et al. Ecosystem services research in Latin America: the state of the
art. Ecosystem Services, v. 2, p. 56-70, 2012.

BARDIN, L. Analise de conteddo. Lisboa: Edicdes 70, 2007. 223 p.
BENATTI, J. H.; McGRATH, D. G.; OLIVEIRA, A. C. M. Politicas ptblicas e manejo

comunitario de recursos naturais na AmazOnia. Ambiente e Sociedade, v. 6, n. 2, p.

137-154, 2003.

BIAN, Z.; LU, Q. Ecological effects analysis of land use change in coal mining area based
on ecosystem service valuing: a case study in Jiawang. Environmental Earth Sciences,

v. 68, n. 6, p. 1619-1630, 2013.

BITAR, O. Y. Avaliacao da recuperacao de areas degradadas por mineragao na regiao
metropolitana de Sao Paulo. 1997. Tese (Doutorado) — Escola Politécnica, Universidade
de Sao Paulo, Sao Paulo, 1997.

BRASIL. Constitui¢ao da Republica Federativa do Brasil de 1988: Artigo 225. Brasilia:
Presidéncia da Republica, 1988. Disponivel em: <http://www.planalto.gov.br>. Acesso
em: 17 set. 2013.

BRASIL. Decreto n? 7.343, de 26 de outubro de 2010. Regulamenta a Lein°12.114, de
9 de dezembro de 2009, que cria o Fundo Nacional sobre Mudanca do Clima - ENMC, e
da outras providéncias. Diario Oficial da Uniao, Brasilia, 27 out. 2010.

BRASIL. Decreto n? 7.572, de 28 de setembro de 2011. Regulamenta dispositivos da
Medida Proviséria n° 535, de 2 de junho de 2011, que tratam do Programa de Apoio a
Conservagdo Ambiental - Programa Bolsa Verde. Diario Oficial da Uniao, Brasilia, 30
set. 2011b.

BRASIL. Decreto n® 97.632 de 10 de abril de 1989. Dispde sobre a regulamentacdo do
Artigo 2°, inciso VIII, da Lei n°® 6.938, de 31 de agosto de 1981, e d4 outras providéncias.
Diario Oficial da Unido, Brasilia, 12 abr. 1989. Disponivel em: <http://www.planalto.
gov.br>. Acesso em: 17 set. 2013.

BRASIL. Projeto de Lei n° 212 de 2011. Institui o sistema nacional de reducéo de
emissodes por desmatamento e degradacio, conservacio, manejo florestal sustentavel,
manutencio e aumento dos estoques de carbono florestal (REDD+), e d4 outras provi-
déncias. Brasilia: Senado, 2011a.

Ambiente & Sociedade B Sdo Paulov. XIX,n.2 ® p. 137-168 M abr.-jun. 2016



158 Souza, Gallardo, Silva, Mello, Righi and Solera

BRASIL. Projeto de Lei n° 3.134 de 2008. Dispde sobre o Programa Nacional de
Recuperacido e Conservacio da Cobertura Vegetal (PNCC), e da outras providéncias.

Brasilia: Senado, 2008.
BRASIL. Projeto de Lei n° 792, de 2007. Dispde sobre a defini¢do de servigos ambientais

e d4 outras providéncias. Brasilia: Senado, 2007.

BRIENZA JUNIOR, S.; VIEIRA, L. C. G.; YARED, J. A. G. Consideracées sobre a
recuperacao de areas alteradas por atividades agropecuaria e florestal na Amazonia

brasileira. Belém: Embrapa-CPATU, 1995. (Documentos 83).
CABRAL JUNIOR, M. et al. A mineracéo no Estado de Sao Paulo: situagio atual, pers-

pectivas e desafios para o aproveitamento dos recursos minerais. Geociéncias, Sio Paulo,

v. 27, n. 2, p. 171-192, 2008.

CAPRONI, A. L. et al. Fungos micorrizicos arbusculares em estéril revegetado com Acacia
mangium, apds mineracio de bauxita. Revista Arvore, Vicosa, v. 29, n. 3, p. 373-381, 2005.

CARNEVALE, N.; MONTAGNINI, E Facilitating regeneration of secondary forests
with the use of mixed and pure plantations of indigenous tree species. Forest Ecology
and Management, v. 163, p. 217-227, 2002.

CHOMITZ, K. M.; BRENES E.; CONSTANTINO, L. Financing environmental services:
the Costa Rican experience and its implications. Science of the Total Environment, v.
240, n. 1, p. 157-169, 1999.

COELHO, A. T. Efeitos da vegetagio na estabilidade do solo e de taludes. In: XIII Curso
sobre erosio e controle de sedimentos. Belo Horizonte: [s.n.], 2005.

COSTANZA, R. et al. The value of the world’s ecosystems services and natural capital.
Nature, v. 387, p. 253-260, 1997.

CUSACK, D.; MONTAGNINI, E The role of native species plantations in recovery of
understory woody diversity in degraded pasturelands of Costa Rica. Forest Ecology and
Management, v. 188, n. 1-3, p. 1-15, Feb. 2004.

DAMIGQOS, D. et al. Rethinking impact assessment of mining projects in the context of
ecosystem services. In: INTERNATIONAL MINING CONGRESS OF TURKEY, 24.,
2015, Antalya. Proceedings... [S.l.]: Chamber of Mining Engineers of Turkey, 2015. p.
53-64.

DEMURGER, S.; PELLETIER, A. Volunteer and satisfied? Rural households’ participa-
tion in a payments for environmental services programme in Inner Mongolia. Ecological

Economics, v. 116, p. 25-33, 2015.

DERISSEN, S.; LATACZ-LOHMANN, U. What are PES? A review of definitions and
an extension. Ecosystem Services, v. 6, p. 1215, 2013.

ELOY, L.; COUDEL, E.; TONI, E Implementando Pagamentos por Servicos Ambientais
no Brasil: caminhos para uma reflex@o critica. Sustentabilidade em Debate, v. 4, n. 1,

p. 21-42, jul./dez. 2013.

Ambiente & Sociedade B SZo Paulov. XIX,n.2 ® p. 137-168 M abr.-jun. 2016



Environmental services associated with the reclamation of areas degraded by mining 159

ENGEL, S.; PAGIOLA, S.; WUNDER, S. Designing payments for environmental services
in theory and practice: An overview of the issues. Ecological Economics, v. 65, n. 4, p.

663-674, 2008.

ESPIRITO SANTO (Estado). Lei n2 9864 de 26 de junho de 2012. Disp&e sobre a re-
formulagao do Programa de Pagamento por Servicos Ambientais - PSA no Estado,
instituido pela Lei n? 8.995, de 22.09.2008, e da outras providéncias. 2012.

EVANS, D. M. et al. Reforestation practice for enhancement of ecosystem services on

a compacted surface mine: path toward ecosystem recovery. Ecological Engineering, v.
51, p. 16-23, Feb. 2013.

EXTREMA. Lei n° 2100 de 21 de dezembro de 2005. Cria o Projeto Conservador das
Aguas, autoriza o executivo a prestar apoio financeiro aos proprietarios rurais e da
outras providéncias. 2005.

FARLEY, ].; COSTANZA, R. Payments for ecosystem services: from local to global.
Ecological Economics, v. 69, n. 11, p. 2060-2068, 2010.

FAVERO, C.; LOVO, C. 1; MENDONCA, S. E. Recuperagio de/érea degradada com
sistema agroflorestal no Vale do Rio Doce, Minas Gerais. Revista Arvore, v. 32, n. 5, p.
861-868, 2008.

FERNANDES, S. E Avaliacao de mantas comerciais na vegetagao de taludes em corte
de estrada. 2004. 81 f. Dissertacdo (Mestrado) — Universidade de Vigosa, 2004.

GALAS, N. D. Uso da vegetagao para contencao e combate a erosao em taludes. 2006.
Trabalho de Conclusio (Curso em Engenharia Civil) - Universidade Anhembi Morumbi,
Sao Paulo, 2006. Disponivel em: <http://engenharia.anhembi.br/tcc-06/civil-55.pdf>.
Acesso em: 20 maio 2013.

GRUBB, P, ]. Mineral nutrients and soil fertility in tropical rainforests. In: LUGO, A.

E.; LOWE, C. (Eds.). Tropical forests: management and ecology. New York: Springer,
1995. p. 308-330.

GUARIGUATA, M.; RHEINGANS, R.; MONTAGNINI, E Early woody invasion under
tree plantations in Costa Rica: implications for forest restoration. Restoration Ecology,
v. 3,n. 4, p. 52-260, 1995.

GUEDES,; E B.; SEEHUSEN, S. E. Pagamentos por Servicos Ambientais na Mata
Atlantica: licoes aprendidas e desafios. Brasilia: Ministério do Meio Ambiente,
2011.

GUERRERO, E.; RIVILLAS, C.; RIVERA, E. L. Perspectivas de manejo de la micorriza
arbusculares en ecosistemas tropicales. Bogota: Fondo Fen Colombia, 1996. p. 181-206.

HAGGAR, J.; WIGHTMAN, K_; FISHER, R. The potential of plantations to foster woody
regeneration within a deforested landscape in lowland Costa Rica. Forest Ecology and
Management, v. 99, p. 55-64, 1997.

Ambiente & Sociedade B Sdo Paulov. XIX,n.2 ® p. 137-168 M abr.-jun. 2016



160 Souza, Gallardo, Silva, Mello, Righi and Solera

HERRMANN, H. Legislagdo mineral, ambiental e tributéria. In: TANNUS, M. B.;
CARMQO, J. C. C. (Coords.). Agregados para a construgao civil no Brasil. Belo Hori-
zonte: Fundacdo Centro Tecnolégico de Minas Gerais, 2007.

HOLANDA, E S.R.; ROCHA, I. P; OLIVEIRA, V. S. Estabiliza¢do de taludes marginais
com técnicas de bioengenharia de solos no Baixo Sdo Francisco. Revista Brasileira de

Engenharia Agricola e Ambiental, v. 12, p. 6, p. 570-575, 2008.

INSTITLITO BRASILEIRO DO MEIO AMBIENTE E DOS RECURSOS NATURAIS
RENOVAVEIS. Manual de recuperagio de areas degradadas pela mineragao. Brasilia:
IBAMA, 1990.

INSTITUTO DE PESQUISAS TECNOLOGICAS. Mineracio & municipio: bases para

planejamento e gestdo dos recursos minerais. Sao Paulo: IPT, 2003.

INTERNATIONAL FINANCE CORPORATION. Performance standards on envi-
ronmental and social sustainability. Washigton. D.C. IFC: 2012.

JEDD], K.; CHAIEB, M. Restoring degraded arid Mediterranean areas with exotic tree
species: Influence of an age sequence of Acacia salicina on soil and vegetation dynamics.

Flora, v. 207, p. 693-700, 2012.

JENKINS, H. Corporate social responsibility and the mining industry: conflicts and
constructs. Corporate Social Responsibility and Environmental Management, v. 11,
n. 1, p. 23-34, 2004.

JENKINS, H.; YAKOVLEVA, N. Corporate social responsibility in the mining industry:
exploring trends in social and environmental disclosure. Journal of Cleaner Production,

v. 14, n. 3, p. 271-284, 2006.

JESUS, C.K. C.; SANCHEZ, L. E. The long post-closure period of a kaolin mine. Revista
da Escola de Minas, v. 66, n. 3, p. 363-368, jul./set. 2013.

JOSE, S. Agroforestry for ecosystem services and environmental benefits: an overview.
Agroforest Systems, v. 76, p. 1-10, 20009.

KANOWSK], J.; CATTERALL, C. P; WARDELL-JOHNSON, G. W. Consequences of

broadscale timber plantations for biodiversity in cleared rainforest landscapes of tropical
and subtropical Australia. Forest Ecology and Management, v. 208, p. 359-372, 2005.

KAPELUS, P Mining, corporate social responsibility and the” community”: The case of
Rio Tinto, Richards Bay minerals and the Mbonambi. Journal of Business Ethics, v. 39,
n. 3, p. 275-296, 2002.

KEENAN, R. et al. Ecosystem management in tropical timber plantations: satisfying
economic, conservation, and social objectives. Journal of Sustainable Forestry, v. 9, n.
1-2, p. 117-134, 1999.

KEENAN, R. et al. Restoration of plant biodiversity beneath tropical tree plantations in
northern Australia. Forest Ecology and Management, v. 99, p. 117-131, 1997.

Ambiente & Sociedade B SZo Paulov. XIX,n.2 ® p. 137-168 M abr.-jun. 2016



Environmental services associated with the reclamation of areas degraded by mining 161

KNAPIK, P; MARANHO, L. T. Avaliacdo da revegetacdo em érea de mineragio, regiao
de inundagfo do Rio Iguagu, Araucaria, PR. Revista Brasileira de Biociéncias, Porto
Alegre, v. 5, supl. 1, p. 507-509, jul. 2007.

KOBAYASHI, S. Landscape rehabilitation of degraded tropical forest ecosystems Case

study of the CIFOR/Japan project in Indonesia and Peru. Forest Ecology and Manage-
ment, v. 201, p. 13-22, 2004.

KROEGER, T. The quest for the “optimal” payment for environmental services program:
ambition meets reality, with useful lessons. Forest Policy and Economics, v. 37, p. 65-

74, 2013.

KUUSIPALQ, J. et al. Restoration of natural vegetation in degraded Imperata cylindrica
grassland: understorey development in forest plantations. Journal of Vegetation Science,
v. 6,n. 2, p. 205-210, Apr. 1995.

LAMB, D.; TOMLINSON, M. Forest rehabilitation in the Asia-Pacific Region: past lessons
and future uncertainties. Journal of Tropical Forest Science, v. 7,n. 1, p. 157-170, 1993.

LEGRAND, T; FROGER, G.; LE COQ, ]. Institutional performance of Payments for
Environmental Services: an analysis of the Costa Rican Program. Forest Policy and
Economics, 37, p. 115-123, 2013.

LEMES, M. R. T. Revisao dos efeitos da vegetacio em taludes. Dissertacio (Mestrado)
- Programa de Pés Graduacio em Engenharia Civil, Universidade Federal do Rio Grande
do Sul, Porto Alegre, 2001.

LUGO, A. E. The apparent paradox of reestablishing species richness on degraded lands
with tree monocultures. Forest Ecology and Management, v. 99, n. 1-2, p. 9-19, Dec.

1997.
MACEDQO, M. O. et al. Changes in soil C and N stocks and nutrient dynamics 13 years

after recovery of degraded land using leguminous nitrogen-fixing trees. Forest Ecology

and Management, v. 225, n. 5-6, p. 1516-1524, Apr. 2008.

MARTINS, G.; THEOPHILO, C. R. Metodologia da investigacao cientifica para ci-
éncias sociais aplicadas. 2. ed. Sao Paulo: Atlas, 2009.

MATTHIES, B. D. et al. Risk, reward, and payments for ecosystem services: A portfolio
approach to ecosystem services and forestland investment. Ecosystem Services, v. 16,

p. 1-12, 2015.

McNAMARA, S. M. et al. Rehabilitating degraded forest land in central Vietnam with
mixed native species plantings. Forest Ecology and Management, v. 233, n. 2-3, p. 358-

365, Sept. 2006.

MECHI, A.; SANCHES, D. L. Impactos ambientais da mineragdo no Estado de Sao
Paulo. Estudos Avangados, v. 24, n. 68, p. 209-220, 2010.

MELQ, . S.; AZEVEDQ, ]. L. Ecologia microbiana. Jaguariina: Embrapa-CNPMA,
1998. 488 p.

Ambiente & Sociedade B Sdo Paulov. XIX,n.2 ® p. 137-168 M abr.-jun. 2016



162 Souza, Gallardo, Silva, Mello, Righi and Solera

MINAS GERAIS (Estado). Lei n° 17.727, de 13 de agosto de 2008. Dispde sobre a con-
cessdo de incentivo financeiro a proprietdrios e posseiros rurais, sob a denominagio de
Bolsa Verde, para os fins que especifica, e altera as Leis n% 13.199, de 29 de janeiro de
1999, que dispde sobre a Politica Estadual de Recursos Hidricos, e 14.309, de 19 de junho
de 2002, que dispde sobre as politicas florestal e de protecio a biodiversidade no Estado.
Diario do Executivo — “Minas Gerais”, Belo Horizonte, 14 ago. 2009.

MONTAGNINI, E Strategies for the recovery of biodiversity in deforested landscapes.
In: KRISHNAPULLAY, B. et al. (Eds.). Forests and Society: The Role of Research. IU-
FRO World Congress, August 612, 2000. Subplenary Sessions. Kuala Lumpur, Malaysia:
International Union of Forestry Research Organizations, 2000. v. 1, p. 310-319.

MORAES, A. L. ]. Pagamento por servicos ambientais como instrumento de politica de
desenvolvimento sustentdvel dos territérios rurais: o projeto protetor das dguas de Vera

Cruz, RS. Sustentabilidade em Debate, Brasilia, v. 3, n. 1, p. 43-56, jan./jun. 2012.

MOREIRA, P R. Manejo do solo e recomposi¢ao da vegetagao com vistas a recuperagiao
de 4reas degradadas pela extracao de bauxita, Pocos de Caldas, MG. 2004. 155 {. Tese
(Doutorado) - Universidade Estadual Paulista “Julio de Mesquita Filho”, Rio Claro, 2004.

MURADIAN, R. et al. Reconciling theory and practice: An alternative conceptual fra-
mework for understanding payments for environmental services. Ecological Economics,

v. 69, n. 6, p. 1202-1208, 2010.
NAWIR, A. A.; MURNIATI; RUMBOKO, L. (Ed.). Forest rehabilitation in Indone-

sia: where to after more than three decades? Bogor, Indonesia: Center for International

Forestry Research, 2007.

NERL A. C.; SANCHEZ, L. E. A procedure to evaluate environmental rehabilitation in
limestone quarries. Journal of Environmental Management, v. 91, p. 2225-2237, 2010.

NEVESNETO, C. C.; HESPANHOL, A. N. O programa estadual de microbacias hidro-
grificas no estado de Sao Paulo: a andlise da microbacia da dgua das Antas/Pinheiro no
municipio de Assis/SP In: ENCONTRO NACIONAL DE GEOGRAFIA AGRARIA,
19., 2009, Sao Paulo. Anais... Sdo Paulo: FFLCH-USE 2009.

NEWSHAM, K. K.; FITTER, A. H.; WATKINSON, A. R. Multifuncionality and
biodiversity in arbuscular mycorrhizae. Trends in Ecology & Evolution, v. 10, n. 10, p.
407-411, 1995.

NUNES, P H. E Minera¢ao & meio ambiente: o desenvolvimento sustentdvel. Curitiba:
Jurua, 2006. 241 p.

OLIVEIRANETO, R.; PETTER, C. O. A abordagem da economia ambiental no contexto
da mineracio. Revista da Escola de Minas, v. 58, n. 1, p. 71-75, 2005.

OLIVEIRA, L. R.; ALTAFIN, I. G. PROAMBIENTE: uma politica de pagamento de
servicos ambientais no Brasil. In: CONGRESSO DA SOCIEDADE BRASILEIRA DE
ECONOMIA, ADMINISTRACAO E SOCIOLOGIA RURAL, 46., 2008, Rio Branco.
Apresentagao oral... Brasilia: Sober, 2008.

Ambiente & Sociedade B SZo Paulov. XIX,n.2 ® p. 137-168 M abr.-jun. 2016



Environmental services associated with the reclamation of areas degraded by mining 163

OLIVEIRA, S. J. M.; BACHA, C. ]. C. Avaliacdo do cumprimento da reserva legal no
Brasil. Revista de Economia e Agronegécios, v. 1, n. 2, p. 177- 203, 2003.

ORGANIZACAO DAS NACOES UNIDAS PARA ALIMENTACAO E AGRICUL-
TURA. Ecosystem services and biodiversity (ESB). Disponivel em: <http://www.fao.
org/ecosystem-services-biodiversity/en/>. Acesso em: 07 out. 2015.

PAGIOLA, S.; VON GLEHN, H. C.; TAFFARELLO, D. Experiéncias de pagamentos
por servigos ambientais no Brasil. Sdo Paulo: Secretaria do Meio Ambiente de So
Paulo, 2013. Disponivel em: <http://fas-amazonas.org/versao/2012/wordpress/wpcontent/
uploads/2014/02/LivroPSA. pdf>. Acesso em: 07 out. 2015.

PARANA (Estado). Lein® 17134, de 25 de abril de 2012. Institui o Pagamento por Servi-
cos Ambientais, em especial os prestados pela Conservacio da Biodiversidade, integrante

do Programa Bioclima Paran4, bem como dispde sobre o Biocrédito. Diario Oficial do
Estado, Curitiba, n. 8700, 25 abr. 2012.

PARROTTA, ]. The role of plantation forests in rehabilitating degraded tropical ecosys-
tems. Agriculture. Ecosystems Environment, v. 41, n. 2, p. 115-133, July 1992.

PARROTTA, J.; TURNBULL, J.; JONES, N. Catalyzing native forest regeneration on
degraded tropical lands. Forest Ecology and Management, v. 99, n. 1-2, p. 1-7, Dec.
1997.

PASCUAL, U. et al. Exploring the links between equity and efficiency in payments for
environmental services: a conceptual approach. Ecological Economics, v. 69, n. 6, p.

1237-1244, 2010.
PEREIRA, B. A.; CASTRO-SILVA, M. A. Rizobactérias formadoras de endésporos as-

sociadas a Tibouchina urvilleana de areas impactadas por rejeitos da minerago do carvéo.

Revista Brasileira de Ciéncia do Solo, Vicosa, v. 34, n. 2, p. 563-567, 2010.

PINHEIRO, D. J. Evolugao das encostas nas regides tropicais imidas. Salvador: UFBA,
1971. 29 p.

PINTO, G. M. Bioengenharia de solos na estabilidade de taludes: compara¢io com
uma solucéo tradicional. 2009. 74 f. Trabalho de Conclusdo de Curso (Graduacdo em
Engenharia Civil) - Departamento de Engenharia Civil, Universidade Federal do Rio
Grande do Sul, Porto Alegre, 2009.

PIRES, E R. et al. Fitorremediagio de solos contaminados com herbicidas. Planta Dani-
nha, v. 21, n. 2, p. 335-341, maio/ago. 2003.

PORTO, M. E; MILANEZ, B. Eixos de desenvolvimento econdmico e geragio de conflitos
socioambientais no Brasil: desafios para a sustentabilidade e a justiga ambiental. Ciéncia
& Saudde Coletiva, v. 14, n. 6, p. 1983-1994, 2009.

POWERS, J. S.; HAGGAR, ]. B; FISHER, R. E The effect of overstory composition on
understory woody regeneration and species richness in seven year old plantations in Costa
Rica. Forest Ecology and Management, v. 99, n. 1-2, p. 43-54, Dec. 1997.

Ambiente & Sociedade B Sdo Paulov. XIX,n.2 ® p. 137-168 M abr.-jun. 2016



164 Souza, Gallardo, Silva, Mello, Righi and Solera

PRNOQ, J.; SLOCOMBE, D. S. Exploring the origins of ‘social license to operate’ in the
mining sector: perspectives from governance and sustainability theories. Resources Policy,

v.37,1n. 3, p. 346-357, 2012.

REGENSBURGER, B. Recuperacao de dreas degradadas pela mineragao de argila atra-
vés da regularizagio topografica, da adi¢ao de insumos e serrapilheira e de atratores da
fauna. 2004. 100 f. Dissertacido (Mestrado) — Centro de Ciéncias Agrarias, Universidade
Federal de Santa Catarina, Florianépolis, 2004.

RIGHI, C. A. Sistemas Agroflorestais: definicdo e perspectivas. In: Ciro A. Righi; Marcos
S. Bernardes (Eds.). Cadernos da Disciplina de Sistemas Agroflorestais. (Série Difusdo)
1° ed. Piracicaba, SP 2015. vol. 1. p. 1-5.

RIO DE JANEIRO (Estado). Decreto n?42.029 de 15 de junho de 2011. Regulamenta o
Programa Estadual de Conservacio e Revitalizacdo de Recursos Hidricos - PROHIDRO,
previsto nos artigos 52 e 11 da lei n? 3.239, de 02 de agosto de 1999, que instituiu a Poli-
tica Estadual de Recursos Hidricos, e d4 outras providéncias. Diario Oficial do Estado,

Rio de Janeiro, 16 jun. 2011.

RODRIGUES, R. R.; MARTINS;, S. V,; BARROS, L. C. Tropical rain forest regeneration
in an area degraded by mining in Mato Grosso State, Brazil. Forest Ecology and Mana-
gement, v. 190, n. 2-3, p. 323-333, 2004.

ROITMAN, I.; TRAVASSOS, L. R.; AZEVEDQ, ]. L. Tratado de microbiologia. Sao
Paulo: Manole, 1987.

ROMEIRO, A. R. Economia e biodiversidade. Megadiversidade, v. 2, n. 1-2, dez., 2006.

ROSA, J. C. S; SANCHEZ, L. E. Is the ecosystem service concept improving impact
assessment! Evidence from recent international practice. Environmental Impact As-

sessment Review, v. 50, p. 134-142, 2015.

RUIZ, M. S. et al. Abordagens de conflitos socioambientais em casos de subsidéncia de
minas de carvao no Brasil e EUA. Ambiente & Sociedade, v. 17, n. 2, p. 129-156, 2014.

SANCHEZ, L. E. Planejamento para o fechamento prematuro de Minas. Revista Escola
de Minas, v. 64, p. 117-124, 2011.

SANTA CATARINA (Estado). Lein? 15.133, de 19 de janeiro de 2010. Institui a Politica

Estadual de Servicos Ambientais e regulamenta o Programa Estadual de Pagamento por
Servigos Ambientais no Estado de Santa Catarina, instituido pela Lei n® 14.675, de 2009,
e estabelece outras providéncias. Didrio Oficial do Estado, Florianépolis, n. 18.770, 2010.

SANTO, E. L.; SANCHEZ, L. E. GIS applied to determine environmental impact indica-
tors made by sand mining in a floodplain in southeastern Brazil. Environmental Geology,
v. 41, n. 6, p. 628-637, Feb. 2002.

SANTOS, P et al. Marco regulatério sobre pagamento por servicos ambientais no
Brasil. Belém: IMAZON, FGV, CVces, 2012.

Ambiente & Sociedade B SZo Paulov. XIX,n.2 ® p. 137-168 M abr.-jun. 2016



Environmental services associated with the reclamation of areas degraded by mining 165

SAQ PAULO (Estado). Decreto Estadual n° 41.990, de 23 de julho de 1997. Organiza o
Programa Estadual de Microbacias Hidrogréficas — PEMH e d4 providéncias correlatas.
Diario Oficial do Estado, Sao Paulo, 24 jul. 1997.

SAQ PAULO (Estado). Decreto n2 55.947, de 24 de junho de 2010. Regulamenta a Lei
n? 13.798, de 9 de novembro de 2009, que dispde sobre a Politica Estadual de Mudancas
Climaticas. Diario Oficial do Estado, Sdo Paulo, 25 jun. 2010.

SAO PAULO (Estado). Lei Estadual n° 13.798, de 09 de novembro de 2009. Institui a
Politica Estadual de Mudangas Climaticas — PEMC. Diario Oficial do Estado, Sao Paulo,
v. 119, n. 209, 2009.

SAO PAULO (Estado). Lei Estadual n° 8.421, de 23 de novembro de 1993. Altera a
redacio de dispositivos da Lei n? 6.171, de 4 de julho de 1988, que dispde sobre uso,
conservagio e preservacio do solo agricola e da outras providéncias. Diario Oficial do

Estado, Sao Paulo, 24 nov. 1993.

SAYER, J.; CHOKKALINGAM, U.; POULSON, J. The restoration of forest biodiversity
and ecological values. Forest Ecology and Management, v. 201, n. 1, p. 3—11, Nov. 2004.

SCHOMERS, S.; MATZDORE, B. Payments for ecosystem services: A review and com-
parison of developing and industrialized countries. Ecosystem Services, 6, p. 16-30, 2013.

SILVA, E. M. R. et al. Fungos micorrizicos em leguminosas arboreas revegetando solos
degradados. In: REUNIAO BRASILEIRA SOBRE MICORRIZAS, 5, 1994, Florianépolis.
Resumos... Florian6polis: EDEME, 1994. p. 25.

SOARES, M. R.; CASAGRANDE, J. C. Fitorremedia¢ao como estratégia de recuperagio
de solos degradados em dreas mineradas. In: BARBOSA, L. M.; SANTOS JUNIOR, N.

A. A Botanica no Brasil: pesquisa, ensino e politicas putblicas ambientais. Sdo Paulo:
Sociedade Boténica do Brasil, 2007. Cap. 40, p. 529-533.

SOUZA, E. A. Potencial de cianobactérias para a biorremediacao de aguas e solos
contaminados por arsénio. Vigosa: Universidade Federal de Vigosa, 2007.

SPROCATI, A. et al. Investigating heavy metals resistance, bioaccumulation and meta-
bolic profile of a metallophile microbial consortium native to an abandoned mine. Science
of the Total Environment, v. 366, n. 2-3, p. 649-658, Aug. 2006.

TEIXEIRA, J. A. G. Impactos ambientais da atividade mineral na RMSE In: SEMINARIO
SOBRE PROBLEMAS GEOLOGICOS E GEOTECNICOS NA REGIAO METRO-
POLITANA DE SAO PAULO, 1, 1992, Sio Paulo. Anais... Sdo Paulo: Abas/ABGE/
SBG-SB, 1992. p. 63-75.

WADT, P G. S. Préticas de conservacao do solo e recuperaciao de areas degradadas.
Rio Branco: Embrapa Acre, 2003. (Documentos 90).

WAIHUNG, L.; CHUA, H.; LAM, K. H. A comparative investigation on the biosorption
of lead by filamentous fungal biomass. Chemosphere, v. 39, n. 15, p. 2723-2736, 1999.

Ambiente & Sociedade B Sdo Paulov. XIX,n.2 ® p. 137-168 M abr.-jun. 2016



166 Souza, Gallardo, Silva, Mello, Righi and Solera

WUNDER, S. (Coord.) et al. Pagamento por servicos ambientais: perspectivas para
Amazonia Legal. Brasilia: MMA, 2009. 144 p. (Série Estudos, 10).

WUNDER, S. Payments for environmental services: some nuts and bolts. Bogor: Cifor,
2005. (Cifor Occasional paper n. 42).

WUNDER, S. Revisiting the concept of payments for environmental services. Ecological
Economics, v. 117, p. 234-243, 2015.

Submitted on: 13/05/2014

Accepted on: 02/02/2016
http://dx.doi.org/10.1590/1809-4422ASOC129835V1922016

Ambiente & Sociedade B SZo Paulov. XIX,n.2 ® p. 137-168 M abr.-jun. 2016



EIVRONMENTHL SERYICES HOSOCHIED W THe RECLATRIION
O AEHS DEGRABED B TG POTENTIAL HOR PRSITIENTS HOR
tIVRONMENTHL SERVICES

CAROLINE ALMEIDA SOUZA
AMARILIS LUCIA CASTELI FIGUEIREDO GALLARDO
ERICA DONAIRE DA SILVA
YOHANA CUNHA DE MELLO
CIRO ABBUD RIGHI
MARIA LUCIA SOLERA

Abstract: This paper discusses the potential of associating environmental services (ES)
with techniques for reclaiming degraded areas (RDA) used in the mining sector, conside-
ring the current trends in payments for environmental services (PES) in Brazil. A literature
review with content analysis generated results which identified the ES generated for eight
cases of RDA in mining. As an example, ES related to soil enhancement were found. A
more extended review of general RDA techniques confirmed the potential for associating
other ES to RDA techniques used in mining, an example here is the enhancement of
carbon stocks. Support for actions could come from existing PES schemes, particularly
for cases where the ES identified as associated with an RDA technique are related to soil
and water conservation. Concluding remarks indicate that there is a potential scenario
for ES diversification in the reclamation stage of mining operations. A first step towards
accomplishing this diversification envisages the creation of a PES scheme specific to the
mining sector. Further studies are needed to develop criteria for fostering a PES scheme
specifically for the reclamation phase of mining operations in Brazil.

Keywords: Environmental services, Reclamation of degraded areas, Mining, Payment for
environmental services.

Resumo: O artigo discute o potencial de associagio de servigos ambientais (SA) a técnicas
de recuperagio de 4reas degradadas (RAD) por minerago, a luz da tendéncia atual de
pagamento por servigos ambientais (PSA) no Brasil. A partir de revisdo bibliografica e
analise de contetdo, os resultados indicam que h4: identificacio de alguns SA para RAD
por mineragio — como os relacionados & melhoria do solo, potencial para agregacio de



outros — como os associados ao aumento dos estoques de carbono e esquemas de PSA
que remuneram os SA também identificados em RAD por mineracio — como os relativos
a conservacio do solo e da dgua. Conclui-se que existe um cenério potencial de oferta
diversificada de SA na fase de recuperacdo de empreendimentos minerérios — primeiro
passo para ensejar sua participagdo em esquemas de PSA. Estudos complementares séo
necessérios para desenvolver critérios para um provével esquema de PSA especifico para
0 setor minerario.

Palavras-chave: Servigos ambientais, Recuperacdo de dreas degradadas, Mineragéo, Pa-
gamento por servigos ambientais.

Resumen: Este articulo discute el potencial de asociacién de los servicios ambientales (SA)
y las técnicas de recuperacion de dreas degradadas (RAD) por minerfas, considerando la
tendencia actual de pagos por los servicios ambientales (PSA) en Brasil. A partir da la
literatura y del anélisis de contenido, los resultados indican que existe: identificacién de
algunos SA para la RAD por minerfas — como los relacionados con el mejoramiento del
suelo; potencial para agregar otros SA a la RAD por minerfas — como los relacionados con
el aumento de las reservas de carbono y esquemas de PSA que remuneran los SA también
identificados en RAD por minerfas — como los relativos a la conservacién del suelo y el agua.
La conclusién de la investigacion es que existe potencial para una oferta diversificada de
servicios ambientales en la fase de recuperacién de minerfas — primer paso para plantear un
esquema de pagos por servicios ambientales. Sin embargo, son necesarios més estudios para
desarrollar criterios para un probable esquema de PSA para el sector de minerfa brasilefio.

Palabras-clave: Servicios ambientales, Recuperacion de dreas degradadas, Minerias, Pagos
por servicios ambientales.






