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The Amazon forest in the state of Maranhão ensures ecosystem services that directly and indirectly aﬀect the life
quality of its population and economy, via hydrologic and climatic regulation, among other beneﬁts. Currently,
only 25% of the original forest cover (24.7 thousand km2) remains while illegal deforestation persists in a violent
process that provokes visible social, economic and environmental harm. Simultaneously, Maranhão has seen
record levels of burning, faces a water shortage and ﬁghts against the worst social and economic indicators in the
country. Conversely, secondary vegetation covers 19.9 thousand km2 (27% of deforested area) and is completely
unprotected. Contrary to the international commitments assumed by Brazil to combat deforestation and restore
forests, some of the political representatives of Maranhão have sought legal mechanisms to further diminish
forest cover in public and private areas. To promote the conservation and restoration of Maranhão Amazon
Forest, a multi-institutional network of researchers was established in 2015. This viewpoint paper aims to draw
attention to this endangered region of the Brazilian Amazon and give science-oriented recommendations to
policy makers in order to avoid more setbacks. We argue that Maranhão state must urgently establish a policy of
Zero Deforestation, protect secondary forests and comply with the national forest restoration policy, thus ensuring long-term economic sustainability.
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Fig. 1. Deforestation in the Amazon Biome in the state of Maranhão (INPE, 2016).

1. Introduction

space mainly for agriculture and cattle ranching (INPE, 2016).
Amazon deforestation in Maranhão state was always justiﬁed politically by the search for the “economic development dream”, but the
socioeconomic liability from this process is highly negative, reinforcing
the thesis that deforestation does not result in better living conditions
for the local population, but rather provokes social, economic and environmental harm (Celentano et al., 2012). In fact, Maranhão has historically ranked among the states with the worst social and economic
indicators in Brazil (IBGE, 2016) while the municipalities within its
Amazonian region are even poorer (UNDP, 2013). The Amazonian

The Amazon is the largest tropical forest on the planet with recognized importance in conserving biodiversity and in providing essential ecosystem services such as regulating the water cycle (Aragão,
2012) and climatic aspects (Malhi et al., 2008), among other beneﬁts.
In Brazil, the Amazon biome occupies 4.2 million km2, an area that
extends into nine Federative states, and includes part of the state of
Maranhão. Originally, 110.4 thousand km2 of Maranhão was covered
by the Amazon biome, but 75% of forest cover was cleared to provide
2
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water cycle (Aragão, 2012; Makarieva et al., 2014) and the climatic
cycle (Houghton et al., 2000; Malhi et al., 2008) justify their conservation and restoration needs. This eﬀect of the Amazon forest is
particularly important in Maranhão, where the precipitation rates have
diminished (INMET, 2016) and where the climatic models predict an
increase in temperature and important diminution of precipitation
(IPCC, 2014; Almeida et al., 2016). In fact, recent studies indicate that
Maranhão is among the states most vulnerable to disaster risk and climate change in Brazil (Almeida et al., 2016).

region of Maranhão registers severe human rights violations associated
with deforestation, such as recurrent cases of persons in a work regime
analogous to slavery (Gulnara, 2010; Moura et al., 2011), land conﬂicts
and the assassination of peasants and indigenous people (CIMI, 2016;
CPT, 2017), including young members of the Awa tribe (CIMI, 2012),
who are considered the most threatened indigenous group on the planet
(Survival International, 2015).
In December of 2015, during the COP-21 in Paris, Brazil made an
international commitment to cut Amazon illegal deforestation to zero
and restore 12 million hectares of forest by 2030. In December of 2016,
the country strengthened this commitment by adhering to the Bonn
Challenge. In January of 2017, Brazil launched its National Policy for
the Recovery of Native Vegetation (Decree n°8.972, Brazilian Federal
Government, 2017) with the objective of promoting programs and actions for forest restoration. Besides the ecological beneﬁts, these actions
have positive eﬀects on the economy. Indeed, markets are increasingly
more demanding about the origin of products, especially commodities
such as beef and soy (Nepstad et al., 2006; Rudorﬀ et al., 2011), that
together with eucalyptus are the main products of Maranhão Amazonian soils (Carneiro, 2016). However, these issues have not yet been
fully considered by local politicians.
Not only the Amazon forest of Maranhão itself, but also its people
and biodiversity are endangered. To promote the conservation and restoration of this region, a multi-institutional group of researchers ﬁrst
gathered in 2015. The so-called ‘Maranhão Amazon Forest
Conservation Network’ seeks bases to support conservation and restoration policies in the state. The network consolidated a database of
environmental and social data, and mapped deforestation, forest ﬁres
and secondary growth. This viewpoint paper is the ﬁrst product of the
network, and its objectives are to draw attention to this endangered
region of the Amazon and give science-based recommendations to
policy makers in order to avoid more setbacks.

1.2. Forest threats in the Amazon region of Maranhão
Contrary to the ecological importance of the Amazon forest in the
state and to the international commitments assumed by Brazil, part of
Maranhão’s government has sought mechanisms to diminish protection
of forests in public and private areas. Some politicians have tried to
overturn the status of the principal protected area in the region, the
Biological Reserve of Gurupi (Legislative Decree Project n°914/2013;
LDP, 2013); the legislative project was declined in the same year but
the intent was not abandoned. Created in 1988, this Reserve is the only
integral protection conservation unit in the ‘Endemic Area of Belém’
and protects a rich diversity of biota, including many endemic species
that are threatened with extinction (Martins and Oliveira, 2011), such
as Cebus kaapori, which is among the 25 primate species at the greatest
risk of extinction in the world (Schwitzer et al., 2016). Illegal deforestation and violence happen together in this area. In 2015, Mr. Raimundo dos Santos Rodrigues, a member of the advisory council of the
Biological Reserve of Gurupi was murdered inside the reserve by persons engaged in illegal logging (The Washington Post, 2015). Unfortunately, it is not an isolated case as Brazil is the country that registers the most deaths of ecologists in the world, almost half of whom
are indigenous (Global Witness, 2016). Only in 2016, nine indigenous
people of Maranhão Amazon reserves were murdered (CPT, 2017).
On private lands, the political intention is to reduce protection,
forgive environmental liabilities and further diminish demands to recover native vegetation of illegally deforested areas. In Brazil, the forest
conservation on rural properties is regulated by the Native Vegetation
Protection Law (NVPL; Law n°12,651/2012; Brazilian Federal
Government, 2012), which replaced the Forest Code from 1965 (Law
n°4.771) in a controversial process (Soares Filho et al., 2014). In
common with the previous law, NVPL requires partial dedication of
rural properties for conservation in: (1) Areas for Permanent Preservation (APP) to protect critical environments such as riparian vegetation, springs, steep slopes and hilltops; and (2) Legal Reserves (LR)
that are an area dedicated to the sustainable use of natural resources
and biodiversity conservation, but where economic activities that do
not cause deforestation are permitted. However, the new law has
brought critical setbacks.
Brancalion et al. (2016) detail the environmental setbacks of NVPL,
such as the removal and reduction of protection of fragile areas, concession of amnesty for illegal deforestation, and the reduction and annulment of recovery requirements.1 NVPL also allows the deduction of
APPs (conserved or under recovery) from LR required area. Indeed, the
new law considerably diminishes the environmental liability of rural
landowners. Compared to the former law, Soares Filho et al. (2014, SM)
estimated that NVPL reduces 76% of riparian preservation areas debt (a
proxy for APP) and 61% of LR debt in the Amazon region of Maranhão.
Additionally, the law permits the reduction of LR restoration

1.1. Deforestation in the Amazon region of Maranhão
Large-scale deforestation in the Maranhão Amazon forest began in
the 1960s, when the military government promoted the occupation of
this territory through the construction of highways and the incentivizing of large farming projects on public lands (Arcangeli, 1987;
Kohlhepp, 2002). Along with this came the development of many logging centers (Asner et al., 2005). In the 1980s, with the implantation of
the largest iron mining project in the world in the neighboring state of
Pará (Carajas Project), the railroad that links the mine to the port in
Maranhão was built and many pig iron facilities were installed in the
Maranhão Amazon region, demanding large quantities of vegetal
charcoal (Carneiro, 1997), which increased the pressure on forest resources (Oren, 1988).
Since 1988 deforestation in the Brazilian Amazon has been monitored by the National Institute for Space Research (INPE) through satellite images. In the last 30 years of monitoring, a total of 24.6 thousand km2 of the Amazon forest of Maranhão was clear-cut, which
represents 33% of total deforested areas whereas 77% had been deforested previously (INPE, 2016). Currently, only 25% of the original
forest cover (24.7 thousand km2) remains (INPE, 2016; Fig. 1), of which
70% is inside protected areas (Indigenous lands and Conservation
Units), 10% is on agrarian reform settlements (Alencar et al., 2016) and
about 20% is dispersed on rural properties. The remaining forests, including those legally protected, continue to disappear rapidly due to the
illegal logging, burning and conversion of lands to cattle ranching. Fire
in agriculture and cattle ranching is still utilized extensively in the
state. In 2015 alone, 30,137 heat foci were detected in the Amazon
region of Maranhão (INPE, 2016), ﬁres that often burn out of control
and reach forested areas.
Forests, whether in public or private areas, are of interest to the
state. The scientiﬁc literature is replete with evidence on the importance and beneﬁts of forests, but only their roles in regulating the

1
Setbacks of NVPL includes: (1) the removal of protection of intermittent springs and
small lentic water bodies (< 1 ha); (2) reduction of riparian vegetation buﬀer; (3) legalization of farming and infrastructure in APPs; (4) amnesty of ﬁnes for illegal deforestation until 2008; (5) annulled restoration requirements in degraded APPs such as
hilltops and steep slopes; (6) annulled restoration requirements of LR on “small” properties (220–300 ha depending on the municipality of the Amazonian region of
Maranhao). Details in Soares Filho et al. (2014) and Brancalion et al. (2016)
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2016), whereas two Amazonian States (Mato Grosso and Acre) made
this commitment by 2020. This is a timid promise that evidences the
inability of the country to enforce the existent law. In 2012, during the
Rio + 20, the neighboring state of Pará committed to achieve the “Net
Zero Deforestation” by 2020. Net deforestation is the diﬀerence between forest loss (deforestation) and forest gains (restoration and/or
tree plantation) in a period of time (Brown and Zarin, 2013). Another
proposal −“Zero (absolute) Deforestation” in which no forest destruction is permitted- was made by an organized group from civil society
and was delivered in 2015 at the Brazilian National Congress together
with 1.4 million signature petition (Greenpeace, 2015). The ‘Maranhão
Amazon Forest Conservation Network’ considers this more restrictive
proposal as the most appropriate to the current situation in Maranhão
state.
It is time for the state of Maranhão to recognize the importance of
their forests and to create eﬀective mechanisms to protect them, by
enacting a state policy of “Zero Deforestation”, and at the same time, by
promoting agricultural practices without the use of ﬁre and restoring
the degraded areas to promote the “Forest Transition” in the state.

requirements from 80 to 50% in the Amazonian Biome. This reduction
is allowed in municipalities predominantly occupied by protected areas,
and also in areas that are zoned for agricultural development in the
State Ecological-Economic Zoning (ZEE, in Portuguese, at 1:250,000
scale; Brazilian Federal Government, 2002) and that are not considered
a priority area for biodiversity and hydrological conservation. Even
though the Brazilian Supreme Court is still adjudicating this and other
points of the NVPL that had its constitutionality questioned,2 in 2016
the Governor of Maranhão requested LR reduction for the Ministry of
Environmental using the existent Macro-ZEE (1:1,000,000 scale) of the
state (FIEMA, 2017). This demand was denied by the Attorney General
of Brazil (AGU, in Portuguese) as the zoning scale does not meet law
requirements. The discussions about the ZEE process in the Amazonian
region of Maranhão were initiated in 2015, but only in 2017 did the
mapping processes start prioritizing municipalities that can beneﬁt
from RL reduction.
Another mechanism of the NVPL that necessitates proper regulation
at the state level is the compensation of LR liabilities. Rural properties
that have forest debt in LR can recover it on-farm, or compensate for it
through forest areas leaseholds, purchasing forest areas oﬀ-farm or
buying the Environmental Reserve Quotas (ERQ), including in other
states within the same biome. The compensation options are attractive
mechanisms to rural producers with forest debt since they diminish
implementation and opportunity costs (Silva and Ranieri, 2014).
However, to ensure ecosystem services and biodiversity conservation,
the LR compensation must occur as close as possible to the degraded
area, preferably in the same watershed (Brancalion et al., 2016). In the
neighboring state of Pará, Nunes et al. (2016) indicate that most of LR
compensation can take place in the same municipality, thus maximizing
ecological beneﬁts. The liability of LR in Maranhão Amazon region is
estimated in more than 10 thousand km2 (Soares Filho et al., 2014), and
only with proper regulation the compensation of this debt will guarantee ecological beneﬁts to the state.
Deregulations of the APP and LR areas in rural properties greatly
reduces the need for restoration in the state and enables additional
deforestation (Soares Filho et al., 2014), which is contrary to the global
commitments of forest conservation and restoration assumed by Brazil.

1.4. Forest restoration in the Amazon region of Maranhão
The degraded areas of the Maranhão Amazon region can and must
be restored. The simplest and cheapest manner of restoration is removing the source of perturbation to allow the forest to recuperate
naturally by natural succession. The time necessary to restore the forest
biomass may vary from 30 to 80 years, with an average of 66 years
(Poorter et al., 2016), depending on the state of degradation. The secondary forests (in regeneration) play a fundamental role both in conserving biodiversity and in providing ecosystem services such as atmospheric carbon ﬁxation (Poorter et al., 2016; Marin-Spiotta et al.,
2007), as long as it is protected from further deforestation. Indeed,
conservation value of secondary forests increases with age (Finegan,
1996). According to the INPE and EMBRAPA (2014), 19.9 thousand
km2 of Amazon biome in Maranhão are covered by secondary forests,
which equates to 26.8% of the area deforested up through 2014 (Fig. 3).
However, these secondary forests are completely unprotected in Maranhão state.
Recognizing the importance of Secondary Forests, NVPL (Law
n°12,651/2012) permits compensation of Legal Reserve in areas with
“secondary vegetation in any stage of regeneration or reconstitution”.
In this sense, Maranhão must urgently create norms to protect its secondary forests and regulate their conversion as exempliﬁed by the
neighboring state of Pará, which created norms to safeguard the secondary vegetation in the state (Normative Instruction n°8/2015; Pará
State Government, 2015). In the Maranhão Amazon region, secondary
forests play a key role in nature conservation and must be preserved.
Other countries have provided examples of the biological importance of
protected secondary forests, such as the Guanacaste National Park in
Costa Rica created in areas with secondary vegetation (Janzen, 2002).
The restoration of highly degraded areas requires more intense
human interventions. There are many methods to achieve this (Lamb
and Gilmour, 2003; Lamb et al., 2005; Holl et al., 2011), while the
choice of the most appropriate technique depends on the degradation
state, on the desired results and on the ﬁnancial capital available
(Chazdon, 2008), besides the legal and sociocultural context. According
to Lamb et al. (2005), the major challenge of restoration is to move
from the site scale to the landscape scale, since only at the landscape
scale it is possible to balance the restoration and agricultural production. In 2005, a more holistic concept of restoration was proposed, the
‘Forest Landscape Restoration’ (FLR) that aims to restore ecological
integrity and improve human-well-being in deforested landscapes
(ITTO and IUCN, 2005; Mansourian et al., 2005), which is desirable in
Maranhão where rural poverty and environmental degradation are
strongly correlated. FLR considers the complex interactions between
persons, natural resources and soil uses and suggest a set of

1.3. Zero deforestation in the Amazon region of Maranhão
The Amazon forest deforestation rate has dropped since 2008 in
Maranhão (Fig. 2) and most of recent forest loss is due to illegal logging,
including clearing of Protected Areas (ICMBIO, 2015; ISA, 2017).
However, according to the NVPL (Law n°12,651/2012), some forestlands on rural properties are yet available for legal deforestation.3
Soares-Filho et al. (2014, SM) estimated 771 km2 of Amazon forest
surplus in Maranhão (against about 11.7 thousand km2 of deﬁcit).
Considering the status of Amazon forest in Maranhão (refers to Fig. 1),
we argue that no additional deforestation can take place in the state.
According to Turner and Corlett (1996) review, in highly deforested
areas, even a small forest fragment can play a critical role in biodiversity conservation and restoration.
In 2015 during COP-21, Brazil committed to achieve “Zero Illegal
Deforestation” by 2030 (Ministry of Environmental Ordinance n°76/
2
The Brazilian Supreme Court is adjudicating four points of the NVPL through ‘Direct
Actions of Unconstitutionality’ (ADI, in Portuguese): Reduction of LR (ADI 4901) as also
detailed in Sterzi (2016), Amnesty for illegal deforestation in LR (ADI 4902) and in APP
(ADI 4903), and LR compensation mechanisms (ADI 4937). The Brazilian scientiﬁc
community positioned itself against environmental setbacks of NVPL (Nader and Palis,
2015) and the State Court of both Minas Gerais and Mato Grosso states already considered
amnesty of deforestation to be unconstitutional. Maranhão can correct some of the environmental setbacks of the NVPL through a judicial decision, but also by establishing
more rigorous regulations at the state level.
3
Legal deforestation is allowed on rural properties with an excess of LR in areas
without further restriction. Nunes et al. (2016) present relevant details about deforestable
surplus and the importance in conserving these areas.
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Fig. 2. Annual deforestation rate of the Amazon forest in Maranhão (INPE, 2016). (a) Average rate between 1977 and 1988; and (b) average of 1993 and 1994.

Constitution itself, which in article 225 imposes on both the Public
Power and on the collective the obligation to defend and preserve an
equilibrated environment for the present and future generations:
1–Conserve all the remaining forests in the Amazon Biome in
Maranhão. Create protection mechanisms for both primary and secondary vegetation and establish a restrictive state policy of “Zero
Deforestation” with mechanisms and incentives for the conservation
and restoration in public and private areas;
2–Maintain 80% of the Legal Reserve in the Amazon Biome, and
incentivize a compensation system of the Legal Reserve that generates
environmental beneﬁts in the state of Maranhão, preferentially in the
same watershed;
3–Deﬁne new Conservation Units, both indirect and of sustainable
use for the recovery of secondary vegetation creating ecological corridors to connect the biggest remaining forest areas;
4–Incentivize and regulate the development of silvicultural, crop
and cattle ranching good practices, as Agroforestry Systems, without
the use of ﬁre and integrated into the landscape scale to ensure protection of soil and water;
5–Establish and implement a state policy of forest restoration.
Develop mechanisms for stimulating forest restoration with ﬁscal incentives and payments for environmental services, with special attention to municipalities that have logging and charcoal-producing activity
as an economic base.
In conclusion, Maranhão state needs to take a giant step forward in
the Amazon region to guarantee human life and natural resources
protection. Illegality and violence must be countered with command
and control by both state and federal forces. The recommendations
presented herein have a high political cost because they threaten strong
economic forces in the state, and rely on governmental incentives.
However, they are demonstrably in the public interest and are the only
way to ensure long-term economic sustainability and quality of life in
the state. The ‘Maranhão Amazon Forest Conservation Network’ is open
to dialogue with all sectors of society and assists the state to ﬁnd the
best options for the Amazon region from a scientiﬁc perspective.

complementary practices of agriculture, restoration and forestry.
The costs of restoration techniques vary widely and given that they
constitute a large investment for rural producers, the use of species of
economic interest is one option that can provide an economic return
and create space for large-scale restoration in agricultural landscape
(Latawiec et al., 2015). The Agroforest Systems (the consortia of annual
agricultural plants with trees) are also an attractive alternative for restoration (Vieira et al., 2009), mainly to guarantee food safety to the
small farmers.
The greatest challenge for development in the Maranhão Amazon
region is to harmonize the conservation and restoration of nature with
the improvement of agricultural production and life quality. Besides
restoration, there are several more eﬃcient crop and cattle ranching
practices that can reconcile production with conservation on diﬀerent
scales (UN, 2010). The ‘Maranhão Amazon Forest Conservation Network’ considers the protection of secondary forests, promotion of noﬁre agricultural practices and the Agroforest Systems as the priority
restoration actions to be supported by the state in Maranhão. In the
poorest region of the country, restoration costs must not only be
minimized but also bring direct social and economic beneﬁts.
1.5. Recommendations for the Amazon region of Maranhão
At this moment, the state government of Maranhão has a unique
opportunity to change the development paradigm in the Amazon region. Instead of seeking mechanisms to diminish forest cover, the ZEE
of the Amazon Biome that is being elaborated could serve as a landmark, if scientiﬁc precepts are taken into account in its elaboration,
such as an instrument that ensures the sustainability of crop and cattle
ranching production and the provision of essential ecosystem services
for society. In this sense, we present some recommendations for decision-makers and for the team that is elaborating the ZEE, so that this
instrument may fulﬁll its function of “securing environmental quality of
water and soil resources and conserving biodiversity” (Art. 2° of Federal
Decree n°4,297/2002), thus assuring fulﬁllment of the Brazilian Federal
5
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Fig. 3. Secondary Forests in the Amazonian Biome in the State of Maranhão (INPE and EMBRAPA, 2014).
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