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a b s t r a c t

The Atlantic Forest is a global hotspot of biodiversity that may be on the verge of ecological collapse.
Current changes in forest legislation have increased the debate concerning policy impacts on land-use and
the consequences for biodiversity conservation and ecosystem services provision. This paper evaluates
the impact of three environmental policy options (National Forest Act from 1965-NFA65, Business as
Usual-BAU, National Forest Act from 2012-NFA12) on land-use patterns and ecosystem services in the
southern Atlantic Forest. InVEST (the Integrated Valuation of Environmental Services and Tradeoffs tool)
cosystem services
odeling

nvironmental policies

was used to model ecosystem services. Synergies and tradeoffs between commodities, erosion regulation,
carbon storage and habitat for biodiversity were assessed with the Spearman Correlation Test. The NFA65
produced the largest gains for forest ecosystem services, while BAU favored commodities expansion. The
NFA12 approaches the baseline, contributing less to the provision of ecosystem services and biodiversity
conservation.

© 2015 Elsevier Ltd. All rights reserved.
ntroduction

The rapid degradation of forest ecosystems compromises the
ong term provision of ecosystem services (MEA, 2005). Agricul-
ure is a major threat to Brazil’s forests but also a major driver
f economic growth, which takes precedence over environmental
rotection and ecosystem services in national policies (Martinelli
nd Filoso, 2009; Martinelli et al., 2010a; Tollefson, 2010; Sparovek
t al., 2011). Conservation of the Atlantic Forest – the most threat-

ned ecosystem in Brazil – is regulated by the National Forest
ct (NFA), originally promulgated in 1965, and the Atlantic Forest
aw (Brasil, 2006). However, poor enforcement of both policies has
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homas.koellner@uni-bayreuth.de (T. Koellner).
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264-8377/© 2015 Elsevier Ltd. All rights reserved.
resulted in the continued loss of Atlantic Forest remnants (INPE and
SOS Mata Atlântica, 2011), threatening the ecosystem’s resilience
(Lees and Peres, 2008; Galetti et al., 2010; Metzger et al., 2010).

The Atlantic Forest Law regulates the conservation of the
Atlantic Forest biome, while the NFA regulates conservation of nat-
ural ecosystems across all Brazilian states, in public and private
properties. Unfortunately, in 2012 the National Congress voted to
weaken the NFA from 1965 (NFA65). The debate under the NFA65
reform resulted in an intense mobilization by civil society and the
Brazilian scientific community. Different sectors worked on tech-
nical reports emphasizing the negative implications of the NFA65
change when faced with the demands from the agribusiness sec-
tor (Instituto Socioambiental, 2012; Via Campesina Brasil, 2011;
ABEMA, 2012; ANA, 2012). There was also an effort by the Brazil-
ian scientific community to warn of the impacts that the NFA65
change could have on the natural ecosystems resilience and provi-

sion of ecosystem services (Develey and Pongiluppi, 2010; Galetti
et al., 2010; Metzger et al., 2010; Nazareno et al., 2011; SBPC, 2011;
Sparovek et al., 2011; Ferreira et al., 2012); however, it had a low
impact on the policy makers (Ferreira et al., 2012).
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Table 1
Permanent preservation areas (PPA) width according to the National Forest Act from
1965. The widths established independently to properties’ size.

Rivers’ width (m) PPA’s width (m)

up to 10 30
10–50 50
G.G. Alarcon et al. / Lan

The final version of the reformed NFA approved by the Congress
as subjected to veto and modifications by President Rousseff

n May 2012 (Brasil, 2012a,b), though it still resulted in fewer
bstacles to increased agricultural expansion into forests and other
atural ecosystems. The impacts of policy changes have been
odeled extensively for the Amazon (Nepstad et al., 2008; Soares-

ilho et al., 2006), but recently studies simulating the impacts of
olicy changes on the Atlantic Forest have increased in number
Teixeira et al., 2009; Ditt et al., 2010; Garcia et al., 2013).

While there was a weakening of the NFA65, Brazilian pol-
cy makers have also been developing incentive-based policies to
eward landowners for the ecosystem services generated by forest
onservation, complementing legal mandates affecting land-use in
he Atlantic Forest. One approach directed towards landowners
s payments for ecosystem services (PES). Approximately 80 such
rograms targeting the Atlantic Forest reward forest restoration
nd biodiversity conservation (Guedes and Seehusen, 2011; Pagiola
t al., 2012). One of the main challenges for incentive based policies
s to understand the tradeoffs expected at local, regional and global
cales between ecosystem services and financial returns across dif-
erent ecosystems under different policy scenarios (Goldstein et al.,
012).

The goal of this article is to use spatially-explicit models of
and-use change and ecosystem services to improve the under-
tanding of the tradeoffs and their mutual interactions, and based
n this to discuss the implications for the policies at stake (Chan
t al., 2006; Nelson et al., 2009; Goldstein et al., 2012; Su and Fu,
013). Specifically, the spatially-explicit InVEST (Integrated Valu-
tion of Ecosystem Services and Tradeoffs) modeling tool (Tallis
t al., 2011; Sharp et al., 2014) is applied to evaluate the impact
n ecosystem services caused by changes in land-use and land-
over patterns associated with three different policy options for
he southern Atlantic Forest. The results inform a discussion on
olicy options that can balance the apparently conflicting goals of
conomic growth and conservation of ecosystem services and the
xpected impacts of the NFA65 reform on ecosystem services pro-
ision. A case study approach was adopted. The Chapecó Ecological
orridor was established in 2010 in Santa Catarina State, southern
razil, to protect relevant biodiversity areas. As highlighted by the
hapecó Ecological Corridor Management Plan, the analysis focuses
n provisioning services (i.e. commodities in the region with the
reatest market potential), carbon storage, erosion regulation, as
ell as habitat for biodiversity (FATMA, 2009).

ethods and materials

tudy site

The Atlantic Forest is mainly distributed along the Brazilian
oast and is a global biodiversity hotspot. Originally it covered 1,315
illion hectares, however policies favoring agricultural expansion

nd urbanization since colonial times have reduced forest cover
y 85% from its original extent (Ribeiro et al., 2009). Actually the
outhern Brazilian states together contain 34% of the forest rem-
ants (INPE and SOS Mata Atlântica, 2014).

In spite of the high level of fragmentation, the remaining for-
st exhibits high diversity and endemism, including more than
0,000 species of plants, 261 of mammals, 688 of birds, 280 of
mphibians and many more not yet described by science (Myers
t al., 2000). Within Santa Catarina State, the Atlantic Forest cov-
rs an estimated 27% of its original distribution, and remaining

orest structure is considered highly disturbed and degraded by log-
ing, road openings, burning and extensive cattle farming (Vibrans
t al., 2013). Enforcement of the laws regulating Atlantic For-
st management has increased since 2006, but has failed to halt
50–200 100
200–600 200
>600 500

illegal deforestation (Alarcon et al., 2010; Siminski and Fantini,
2010).

The Chapecó Ecological Corridor (CEC) covers nearly 500 thou-
sand hectares in the west of Santa Catarina state, southern Brazil
(Fig. 1). The landscape is characterized by continuous remnants of
Araucaria Forest and mixed Deciduous Forest in the lower areas,
these two forest types have been reduced to 22% and 16%, respec-
tively, of their original cover (Vibrans et al., 2013). At higher
altitudes (1000–1350 m) native grasslands are interspersed with
patches of Araucaria Forest. Agriculture and pasture account for
50% of total land-use. Corn, soya and wheat are cultivated in the
plain areas, while pasture is mainly located on the steeper slopes.
The region supports the highest density of pork production in Latin
America. The Chapecó water-basin also provides water for nearly
800 thousand inhabitants (FATMA, 2009).

Policy options mapping

A land-use/land-cover (LULC) map based on SPOT 4 images from
2005 with 10 m resolution provided baseline data for mapping each
policy option (FATMA, 2009). Three main policies were selected as
follows (see electronic supplementary material Fig. S1 for a mag-
nification of the distribution of land cover for the policy options in
Fig. 2):

Policy Option 1: Enforcement of the National Forest Act of 1965.
The NFA65 mandated conservation and restoration of native forest
cover in ecologically sensitive Permanent Preservation Areas (PPA),
which include hilltops, slopes over 45%, buffer forest along rivers
and around springs (Table 1). The PPAs were mapped using ArcGis
10 and converted in the model to native ecosystems, according to
the criteria established by the National Council on Environment
CONAMA Resolution no. 303/2002 (CONAMA, 2002).

Although the NFA65 is forgone, its modeling represents an
attempt to provide scientific basis to discuss its reinstatement.
Moreover, the NFA65 is a policy closer to an ideal scenario for bio-
diversity conservation and ecosystem services provision (Teixeira
et al., 2009; Metzger, 2010; Metzger et al., 2010; Sparovek et al.,
2011) and therefore could improve comparison with the other pol-
icy options.

• Policy Option 2: Business as usual (BAU). The BAU model assumes
a continuation of the negligible enforcement of existing policies
and continued deforestation considering the decades following
the NFA65 promulgation (Cardoso Da Silva and Tabarelli, 2000;
INPE and SOS Mata Atlântica, 2003, 2009, 2011; Ribeiro et al.,
2009). Specifically, it assumes that the average deforestation rate
from the period 2000–2012 for the Atlantic Forest in Santa Cata-
rina (INPE and SOS Mata Atlântica, 2011) will remain constant for
45 years (2005 to 2050). The total area to be deforested was dis-
tributed in the landscape according to the proportion of forested
area in each municipality. In this sense, municipalities with larger
forested areas had the largest proportion of deforestation. Forests

were substituted by the main agricultural activities developed in
the region: grains, pasture and pine monoculture. These three
land-use types constitute important commodities within Brazil’s
boundaries as well as internationally as they are part of the
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Fig. 1. Chapecó Ecological Corridor (CEC) location in Santa Catarina, Brazil.

Fig. 2. Zoom at the spatial distribution of Permanent Preservation Areas PPA for the 1965 (left) and 2012 (right) National Forest Acts policy options.
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Table 2
Permanent preservation areas (PPA) width according to the properties’ sizes (based
on fiscal modules—FM) in the National Forest Act from 2012.

Property size River’s width PPA’s width

Up to 1 FM Independent 5 m
1FM until 2 FM Independent 8 m
2 FM until 4 FM Independent 15 m
>4 FM < 10 FM <10 m 20 m
Other cases >10 m Extension corresponding to

•

A

b
w
n
a
w
t
a

•

c
6
d
t

half of the river’s width size
(minimum of 30 m, maximum
of 100 m)

bundle of agricultural commodities exported by Brazil. It was
assumed that the proportion of such land-uses for each munic-
ipality in the baseline map would be maintained along the 45
year timeframe for this policy option (Fig. S1). Initial secondary
forests were primarily deforested, followed by advanced sec-
ondary and primary forests. The deforestation followed certain
criteria according to previous studies developed in Santa Catarina
state (Alarcon et al., 2010; Zuchiwschi et al., 2010) (see electronic
supplement material):
Policy Option 3: Enforcement of the National Forest Act of 2012
(NFA12). PPA were mapped in conformity with the guidelines
established by the law no. 12.651 and its Provisional Measure no.
571 (Brasil, 2012a,b) in ArcGis 10. PPA of rivers and springs were
converted to natural ecosystems, while PPA of slopes above 45◦

and hilltops were kept under the original (baseline map) land-
use and land-cover type according to the law criteria. To address
the PPA width’s variations considering the properties’ sizes (fiscal
module—FM1), the average size of the rural properties defined
in the Chapecó Ecological Corridor Management Plan were used
(Karam and Araújo, 2007) (Table 2). Rivers were separated by
order by Strahler classification in the HidroFlow software (UERJ,
2007) and buffered according to the PPA width classes (Brasil,
2012a).

nalysis of ecosystem service changes and correlations

The InVEST tool was used to model the ecosystem services of car-
on storage, habitat quality and erosion regulation, while ArcGIS 10
as used to simulate the provision of agricultural commodities and
on-timber forest products (NTFPs). It was assumed that existing
nd restored Araucaria forests produce NTFPs, deciduous forests
ill generate no revenue, and remaining land will be allocated

oward commodities. The data were run in 100 × 100 m resolution,
nd included the following ecosystem services:

Non-timber forest products provision: Araucaria seeds (Araucaria
angustifolia), an edible nut extensively harvested in the south of
Brazil, and mate (Ilex paraguariensis), a tea popular in the South-
ern Cone, are the major commercial NTFP. It was assumed that
all areas under Araucaria Forest can potentially produce the same
amount of Araucaria nuts and mate per hectare/year (Table S1).
The estimated income from the NTFP is based on data from Da
Silva (2006) and de Andrade (2002). It was chosen the mean
mate yield per hectare year obtained for a non-technified system

including management techniques such as acquisition or pro-
duction of seedlings for the herbal densification, protection of
the seedlings, mowing and tree pruning every three years with

1 In Brazil the properties’ sizes are classified based on standard lot measures
alled fiscal modules (Módulo Fiscal). The fiscal module was established by Law No.
.746/1979. It is expressed in hectares and it is variable according to each municipal
istrict, taking into account the predominant type of land-use in the municipality,
he concept of family property between others.
Policy 47 (2015) 1–11

machete (de Andrade, 2002). The values of Araucaria nuts were
adjusted to 2011 based on the cumulative inflation rate for the
period and for mate the data for 2011 was obtained from CEPA
(2012).

• Commodity provision: Soya, milk and pine monoculture (Pinus
spp.) are the main commodities produced at the study site. Soya
and milk productivity and income were estimated per hectare for
each municipality based on data provided by two local cooper-
atives and from secondary data from CEPA (2012) for the same
period (Table S2). For pine monoculture the rotation period of
15 years for Pinus taeda and Pinus elliottii and the production of
38 m3/ha/year for the region were considered (BRACELPA, 2010).
Data on the mean profits for these species were provided by the
Brazilian Center of Intelligence on Forests. Data used came from
the sale of logs higher than 30 cm from the south and south-
east region of Brazil, which is around US$ 22 per cubic meter
(FLORESTAS, 2012).

• Carbon storage model: Table S3 provides data for below and
above ground biomass, including soil and dead organic matter
for all LULC types. The model generates an aggregated estimate
of total carbon storage in each grid cell and across the whole land-
scape. Local data was used when available, complemented when
necessary with data from nearby regions.

• Erosion regulation model: the model calculates the average
annual soil loss and sediment transport for each parcel of land
using the Universal Soil Loss Equation (USLE) at the pixel scale.
For the USLE equation local data was provided, supplemented by
regional data when necessary (Tables S4 to S7).

• Habitat quality model: produces habitat quality maps based on
information about the LULC and threats to biodiversity, according
to Baan et al. (2012). The threats include urban areas, cattle, agri-
culture, primary and secondary roads, and pine tree monoculture
(Tables S8 and S9).

The Kruskal Wallis post hoc test was used for a pairwise com-
parison of ecosystem goods and services under different policy
options using the function “kruskalmc” of the “pgirmesss” package
in R language v. 2.15.1 (R Core Team, 2013). As data were not nor-
mally distributed, the nonparametric Spearman Correlation Test
was also applied in order to identify synergies and tradeoffs among
the goods and services analyzed for each policy option. The correla-
tion was pixel based (100 m × 100 m, total of 516 thousand pixels).
After extracting the correlation coefficient, a second analysis of
Spearman Correlation was done to compare the pattern between
the policy options using the function “cortest” and “ks” of the “stats”
package in R language v. 2.15.1 (R Core Team, 2013). Cumula-
tive R was calculated as the sum of all correlation coefficients of
one ecosystem service with all others (Jopke et al., 2014). Nega-
tive values of cumulative R indicate conflicting ecosystem services,
whereas positive values show synergistic ones.

Results

Impacts of environmental policy changes on LULC patterns

According to the baseline map, the CEC has 56% of its area under
agricultural uses, of which 30% is grains. 48% of the PPA along
rivers and springs should be recovered within the NFA12 and 54%
within the NFA65. Nevertheless, adding the PPA of slopes under
45 degrees, hilltops and the wider strips of PPA, the NFA65 would

result in a total forest gain of 80 thousand hectares. Araucaria Forest
increased by 60% and Deciduous Forest by 54% within this policy
option. The conversion of PPA along rivers and around riverheads
resulted in a 13% reduction in native grasslands (Overbeck et al.,
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Fig. 3. Policy options mapped at the Chapecó Ecological Corridor (CEC), Santa Catarina, Brazil. The graphs on the side of each policy option map represent the respective
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007), while areas in agriculture, pasture and pine tree monocul-
ure were reduced by 21%, 28% and 24%, respectively (Fig. 3).

In the BAU scenario, the annual deforestation rate of 0.5%
esulted in the loss of 28,000 ha of forest and 10,000 ha of grass-
ands in 50 years, a lack of monitoring information and the
apid advance of agricultural activities over the native grasslands
uggests this may be an underestimation for this unprotected
cosystem (Overbeck et al., 2007). Deforestation resulted in the loss
f small corridors between forested areas especially in the western
nd central part of the study site (Fig. 3).

Compared to the NFA65, the NFA12 registered a lower increase
n forested areas. If all the PPA along rivers and springs were recov-
red according to the guidelines of this new regulation, it would
esult in an increase of 17 thousand hectares of Araucaria and

eciduous Forest altogether or an increase of forested areas by 13%
ompared to the baseline. On the other side, it would also represent
decrease of 4%, 6% and 3% of areas intended for grains, pasture and
ine monoculture, respectively (Fig. 3).
Ecosystem services provision under different policy options

The three policy options and the baseline showed significant
differences for all ecosystem goods and services (p < 0.001), with
the exception of pine monoculture for the policies baseline and
NFA12 (Table S10). The NFA65 produced the largest gains for all
forest based goods and services (carbon, mate, araucaria nuts, habi-
tat quality) and erosion regulation, the BAU produced the largest
gains for production of agricultural commodities, while the NFA12
assumed a middle position between the two policies and the base-
line (Fig. 4, Table 3). Carbon stock increased 17% in the NFA65 policy
and 10% in the NFA12, when compared with the baseline. In the
BAU, there was an 8% loss of carbon stock.

The NFA65 generated 60% more araucaria nuts and mate com-

pared to the baseline while the NFA12 generated 13% more of both.
Araucaria nuts and mate have consolidated markets in Brazil, and
their increased output in the NFA65 scenario would be worth US$
48 million and US$ 13 million in the NFA12 scenario, for the whole
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Fig. 4. Maps of ecosystem goods and ser

ase study site annually. The NFA65 showed the greatest increase in
abitat quality, especially within the PPA, which remained poorly

orested with extensive edge effects in the other two policy options,
specially in the more fragmented central region of the CEC. In all
hree policy options and the baseline, the native grasslands had the
ighest score for habitat provision, resulting from their connectiv-

ty, extension and lower edge effect.
The BAU results in the greatest decrease in erosion regula-
ion, resulting in 83% greater soil exportation per hectare (4.7 t/ha)
ompared to the baseline (3.9 t/ha). The full implementation of
he NFA65 would result in a decrease of 30% in soil exportation

able 3
otal ecosystem services supplied per policy option in the whole region of 500 thousand

Ecosystem goods and services Baseline National For

Mate (Mkg–1 year–1) 1057.3 1695.6
Araucaria nuts (Mkg/year) 5.3 8.6
Pine (Mm3/year) 1.1 0.8
Soya (Mt/year) 514.6 407.0
Milk (Ml/year) 848.2 610.7
Carbon stock (Mt/year) 65.4 76.6
Erosion regulation (t sediment/ha/year) 3.9 2.7
Habitat quality (index × 103) 231.7 256.0

kg: million kg.
provision change for each policy option.

(2.7 t/ha) while the NFA12 of 17% (3.2 t/ha). Production of pine
monoculture and soya in the BAU increased by 24% and 21%, respec-
tively, compared to the baseline scenario and would generate an
additional annual net income of US$ 6 million (pine) and US$ 20
million (soya) compared to current production. Growth in pasture
area would yield an additional US$ 7.5 million in annual net income
from dairy production for small and medium landholders. On the
other hand, the conversion of the baseline scenario into the NFA65

resulted in a loss of 32 thousand hectares for grain cultivation, rep-
resenting a loss of US$ 35 million/year (values for 2011). If the
three main commodities (grains, pine and milk) are considered,

hectares.

est Act 1965 Business as usual National Forest Act 2012

820.3 1193.1
4.2 6.0
1.3 1.0

578.1 495.7
958.0 794.7

60.3 72.0
4.7 3.2

216.6 238.3



d Use

t
t
t
1

S

t
p
b
a
S
L
t
b
e
t
a
(
c
t
(
b
g
c
w
t
i
p
c

D

I

i
g
2
F
t
t
r

c
r
s
C
f
c
2
t
(
t
a
t

i
p
F
o
h
1
c

G.G. Alarcon et al. / Lan

he total aggregated economic loss with the full implementation of
he NFA65 would be US$ 58,30 million/year. The conversion from
he baseline to the NFA12 accrued 80% less economic losses (US$
1 million/year) compared to the NFA65.

ynergies and trade-offs between ecosystem services

All of the seven ecosystem goods and services analyzed for
he policy options were pairwise plotted (Fig. S2). Overall the 21
airwise sets kept the same pattern of correlation coefficients
etween policy options (r ≥ 0.77). The correlation was classified
s weak (r < 0.3), moderate (0.3 ≤ r < 0.5) and high (r ≥ 0.5) (Table
13). Mate and araucaria nuts occurred in the same structure of
ULC (Araucaria Forest) and therefore had the highest correla-
ion (Spearman coefficient, r = 1). Overall, tradeoffs were observed
etween commodity provisioning and all other services, with the
xception of the tradeoff of soya and milk with erosion regula-
ion. The highest negative correlation was recorded between soya
nd habitat quality in all three policy options and the baseline
–0.45 ≤ r ≤ –0.15). Pine monoculture had a weak and negative
orrelation with all of the other ecosystem services, with the excep-
ion of carbon, where the correlation was negative but moderate
–0.012 ≤ r ≤ –0.42) within the baseline, BAU and NFA65, and weak
ut positive within the NFA12 (Fig. S2, Table S13). The main syner-
ies observed were between the provisioning services of NTFP and
arbon, and between habitat and carbon. In most cases the services
ere highly positively correlated (Fig. S2, Table S13). The cumula-

ive R between –2.16 and –1.65 shows that provisioning of soya is
n all scenarios the most conflicted ecosystem service. Contrarily,
rovision of mate and araucaria nuts are the most positive ones (R
umulative between 1.09 and 1.14, see Table S14).

iscussion

mpacts of environmental policy changes on LULC patterns

In line with other research, changes of environmental policies
nfluenced LULC patterns with significant impacts on ecosystem
oods and services provisioning (De koning et al., 2007; Liu et al.,
008; Swetnam et al., 2011; Goldstein et al., 2012). The National
orest Act from 1965 NFA65 was the most relevant policy option for
he conservation of natural ecosystems and provisioning of ecosys-
em goods and services, while the Business as Usual BAU scenario
esulted in the largest losses.

Brazilian environmental policies play an important role for the
onservation of the Atlantic Forest, but it is still inefficient even in
egions with special attention and high conservation efforts like the
tudy site. The enforcement of the NFA65 in the Chapecó Ecological
orridor would encompass an additional 80 thousand hectares of

orested areas in important ecological regions, enhancing the Arau-
aria Forest and, especially, the Deciduous Forest. Respectively only
2% and 16% remain of the original extent of these forested ecosys-
ems, mostly disturbed by logging, road construction and cattle
Vibrans et al., 2011, 2013). The enforcement of the NFA65, in addi-
ion to increased habitat, would help restore ecosystem structure
nd functions, and improve connectivity among remnants across
he landscape.

The National Forest Act from 2012 NFA12 represented gains
n forested areas and provisioning of ecosystem services com-
ared to the BAU scenario, but significantly less than the old
orest Act (NFA65). The need for restoration of narrower strips

f Permanent Preservation Area PPA and the possibility to leave
illtops, slopes between 25 and 45◦, plateaus and areas above
800 m (protected under the NFA65) under agricultural use can
ause significant negative impacts not only in ecosystem services
Policy 47 (2015) 1–11 7

provisioning and biodiversity conservation (Lees and Peres, 2008;
Develey and Pongiluppi, 2010; Galetti et al., 2010; Garcia et al.,
2013), but also on soil exportation and groundwater recharge areas
(ANA, 2012). It is expected that the enforcement of the NFA12
will result in 63 thousand hectares less to be restored along rivers
and springs. Considering the whole biome, the NFA12 reduces the
restoration target by 6 million hectares, affecting significantly the
Atlantic Forest Restoration Pact (Calmon et al., 2011). While the
approval of the NFA12 might create the means to enforce this pol-
icy implementation and result in some restoration along rivers and
springs, it reduces the chances that this restoration will add effec-
tively to habitat provision and biodiversity conservation (Metzger
et al., 2009; Metzger, 2010; Garcia et al., 2013).

On the other hand, the BAU would lead to the conversion of
forested areas (21%) and native grasslands (11%) into agriculture.
The estimated deforestation rate was low compared to the typical
rates observed in the Amazon biome, but it was higher compared
to the South American and global rates for the same period (FAO,
2011). The enforcement of the Atlantic Forest regulation, in place
since 2006, strongly restricts forest management, but its enforce-
ment has failed to halt illegal deforestation (Siminski and Fantini,
2010). In the Atlantic Forest biome, the persistence of a BAU situa-
tion could eventually lead its ecosystems to fall below ecological
thresholds, as highlighted by several scientists (Lees and Peres,
2008; Teixeira et al., 2009; Galetti et al., 2010; Metzger, 2010). In
the case of native grasslands, the conversion rate under the BAU
was underestimated due to the lack of monitoring information
and the rapid advance of agricultural activities in this unprotected
ecosystem type (Overbeck et al., 2007). Without law enforcement,
this ecosystem conversion could be much higher than what was
projected for the BAU situation.

Both NFAs and the BAU policies represent potential changes
in the income from forest and agricultural products. Under both
NFAs, the additional Araucaria Forest cover would provide farmers
an equivalent of US$ 1570/ha/year from the exploitation of arau-
caria nuts and mate. Such an estimate is based on management
techniques including acquisition or production of seedlings for the
herbal densification, mowing, and tree pruning every three years
(de Andrade, 2002). The management system, whether technolog-
ical or more rudimentary, can significantly influence the income
derived from these NTFPs. Depending on the management tech-
niques, the income generated by the exploitation of araucaria nuts
and mate could be competitive with the net income generated by
soya (US$ 1088/ha/year) and pine monoculture (US$ 1096/ha/year).
Nevertheless, markets for these commodities are much larger and
in rapid growth in Brazil (Martinelli and Filoso, 2009; Tollefson,
2010). Carbon markets could raise the income generated by the
NTFPs exploitation within the CEC and the Atlantic Forest biome in
the Southern Cone, making the forest remnants even more compet-
itive. Voluntary carbon markets and other funding for ecosystem
services provisioning through PES programs are expanding rapidly
in the Atlantic Forest, but the income generated for farmers is still
very modest (US$ 33 to US$ 370/ha/year) (Guedes and Seehusen,
2011; Pagiola et al., 2012; Dos Santos et al., 2012). Regarding the
markets for avoided deforestation, most projects under develop-
ment in Brazil are restricted to the Amazon, with few resources
reaching the Atlantic Forest (Venter et al., 2009).

Synergies and tradeoffs between ecosystem services

Tradeoffs were observed between crop and pine production as
well as other ecosystem services. The same pattern was observed

in different case studies around the world (Nelson et al., 2009;
Raudsepp-Hearne et al., 2010; Ayanu et al., 2011; Goldstein et al.,
2012; Jopke et al., 2014), as well as in global projections (Foley
et al., 2005; Nelson et al., 2010). In this study soya was negatively



8 d Use

c
(
t
e
t
d
o
N
c
t
L
t
v
a
v
t
r
o
p
a
a

o
p
c
i
F
t
f
l
c
I
l
t
h
u
b
e
s
b
t

p
t
i
c
p
t
d
t
w
m
t
t
s
r
o

C
l

i
l
r
(

G.G. Alarcon et al. / Lan

orrelated with carbon and habitat quality. Raudsepp-Hearne et al.
2010) found a strong negative correlation between carbon seques-
ration and crop production in Montreal, Canada, and Goldstein
t al. (2012) found the same pattern between carbon storage and
he economic profits of agriculture in Hawaii. Pine production also
emonstrated a weak and moderate negative correlation with all
ther ecosystem services with the exception of carbon within the
FA12 policy. Cultivation of soya and pine monocultures results in
omplete substitution of natural ecosystems in order to guarantee
he exclusive production of one or two provisioning services. When
ULC management actions favor few or only one ecosystem service,
hey can cause unwanted or unexpected declines of the other ser-
ices (MEA, 2005). Normally farmers are motivated by fast profits
nd are not worried and/or not aware of losing other ecosystem ser-
ices that might interfere with their production levels in the long
erm (Rodríguez et al., 2006; Bennett et al., 2009). In Brazil, the
apid expansion of the agribusiness sector can, with the support
f government programs and subsidies, bring a short pathway to
rofit despite the international instability of prices. Public policies
re in place to foster sustainable practices, however they still play
secondary role (Tollefson, 2010).

Synergies between ecosystem goods and services were also
bserved. Araucaria nuts, mate, carbon and habitat quality were
ositively correlated in all three policy options and the baseline. The
orrelation between carbon and araucaria nuts and mate is primar-
ly related to the high values of carbon stock found in the Araucaria
orest, particularly the carbon above and in the soil compared to
he other LULC types in the study site. Synergies between habitat
or biodiversity and carbon have been assessed in several studies at
ocal and global scales with different and sometimes opposite out-
omes (Naidoo et al., 2008; Nelson et al., 2009; Larsen et al., 2011;
zquierdo and Clark, 2012). In this case study, the positive corre-
ation between these ecosystem services is most likely related to
heir dependency on the land-cover types. The highest scores for
abitat for biodiversity and carbon were both found in the nat-
ral ecosystems (forests and grasslands). Synergies and tradeoffs
etween ecosystem services vary across scales and may be depend-
nt on the ecosystem type (Raudsepp-Hearne et al., 2010). In this
ense, a decision to favor one or multiple ecosystem services must
e preceded by a comprehensive evaluation of their dynamics at
he local or regional scale.

An overall difference in the pairwise correlations between the
olicy options was not detected in this study, likely because
he policies changes analyzed were mainly related to the
ncrease/decrease of natural ecosystems in the landscape. The
hange between each policy does not interfere with management
ractices within each LULC. For instance, full implementation of
he NFA12 policy could enforce monitoring and decrease forest
isturbance, but will not imply the adoption of management prac-
ices necessary to increase NTFP production. The same situation
as observed in the agricultural lands, where none of the policies
odeled interfered with tillage or other agronomic practices. Due

o the importance of management practices within each land-use
o foster ecosystem goods and services as well as biodiversity, we
uggest that further research focuses on modeling changes in envi-
onmental policies including changes on management practices in
rder to help and inform decision makers.

onstraints of PES programs under weak environmental
egislation

In Brazil, many PES programs were seen as market based

nstruments to compensate for the poor enforcement of the NFA
egislation. In the Atlantic Forest such programs are related to the
eforestation of riverheads, riparian zones and steep slope areas
Guedes and Seehusen, 2011; Pagiola et al., 2012). PES programs
Policy 47 (2015) 1–11

gave farmers the opportunity to reforest PPAs in return for eco-
nomic incentives, which normally are below the opportunity costs
(Zanella, 2011; Pagiola et al., 2012). Full implementation of the
NFA12 could be a driving force to stimulate land-use decisions
within the Atlantic Forest and PES could take an important role
by compensating farmers for economic losses and reforestation
activities (Ditt, 2008; Pagiola et al., 2012). However, for three PES
programs investigated along the Atlantic Forest the opportunity
cost was considered an important variable in influencing farm-
ers’ decisions on how to manage their properties. Farmers with
higher opportunity costs tended to participate less in PES programs
(Zanella, 2011). The lack of information about ecosystem services
relevance and the preference for short term economic benefits
were also considered as major factors influencing farmers’ deci-
sions on land-use patterns. These were previously highlighted by
Silvano et al. (2005) in Rio de Janeiro and by Alarcon (2014) in Santa
Catarina as possible constraints for farmers’ participation in PES
programs.

The recent approval of the new NFA (NFA12) established the
obligation of farmers to enroll on the Rural Environmental Register
(Cadastro Ambiental Rural, CAR) and on the Program of Environ-
mental Regularization (Programa de Regularização Ambiental, PRA).
Such conditions might influence the farmers decision on enrolling
in PES programs focused specifically on the areas demanded by the
new legislation, as observed by Alarcon (2014) in the study site.

It is most likely that if a BAU policy took place, farmers’ interest
in PES programs would change. Most PES programs in the Atlantic
Forest have been developed under a BAU atmosphere (low enforce-
ment of the NFA65) but with growing restrictions coming from
command and control actions developed by state and federal envi-
ronmental agencies in the last years. In this context, it is highly
likely that PES schemes under weak legislation in Brazil could be
subject to opportunity costs and their success relies on farmers’
ecological consciousness and willingness to designate part of their
land for conservation. The situation is particularly bad in the south-
ern Atlantic Forest region, where farmers are more structured,
infrastructure is more developed and consequently opportunity
costs are higher. It is important to highlight that high opportu-
nity costs will have more influence on restoration activities, as
the Atlantic Forest law restricts the cutting of advanced secondary
and primary forests. PES programs based on bundles of ecosystem
services in high biodiversity priority areas in the Atlantic Forest
could compete with high opportunity costs, but the scale of such
programs would reach far fewer areas.

Constraints of the methodological approach

There are some important caveats in the methodological
approach of this paper that should be taken into consideration.
Regarding the LULC map, three issues must be considered. First, the
LULC map was based on a 2005 spot image, but for the last ten years
the study site has suffered rapid changes in land use and land cover
due to the expansion of commodities subsidies and the rise of food
prices (Martinelli et al., 2010b). Second, the BAU map was modeled
considering the maintenance of the same main agriculture activi-
ties (soya, pine and pasture for dairy production). New commodity
subsidies focused on different products could result in different
expected income and larger changes of land-use and land-cover
patterns, in turn affecting opportunity costs. These aspects were not
captured by this study. Third, the deforestation trend was assumed
to keep the same pace as the previous decade. Nevertheless, in the

next years, the new National Forest Act (NFA12) might interfere
with this rate, modifying the trend observed between 2002 and
2012. Such changes were not included or simulated on the LULC
map.
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Another important aspect is related to the income calculated
or each ecosystem good analyzed. The forest products income was
nderestimated. The Deciduous Forest was not included in the anal-
sis and it could generate important revenue for famers, increasing
he total potential income from forests’ products as a whole. For the
ommodities chosen, the mean value used in the models, especially
or pine productivity and for milk production, can cause spatial
istortions on the income estimated. For example, income from
ilk production can vary from US$ 45/ha/year to 3400/ha/year,

epending on the management practices adopted (Alarcon, 2013).
oya income has much less variation but the rotational aspect of
his crop production can add to the final income. Farmers plant-
ng soya have two harvests per year, one of soya and the other one
s variable mainly consisting of wheat, beans, triticale or oat. In
his sense, besides profiting from the soya, farmers have another
nnual income using the same area, which can sometimes double
heir profit depending on the crop chosen.

To conclude, the last important aspect is related to the modeling
pproach. Uncertainty in modeling ecosystem services based on a
andscape approach has recently draw attention from the scientific
ommunity (Hou et al., 2013; Hamel and Guswa, 2014). Neverthe-
ess, efforts to provide more certainty within such models are still
uite rare (Viglizzo and Frank, 2006; Egoh et al., 2008; Naidoo et al.,
008; Goldstein et al., 2012; Izquierdo and Clark, 2012; Ziv et al.,
012). As ecosystem services modeling is considered a new science
nd efforts are towards influencing decision making (Goldstein
t al., 2012) methods to tackle uncertainty are in debate and many
apers have been published with scientific rigor under an uncer-
ainty atmosphere (Seppelt et al., 2011; Hou et al., 2013). The Invest
ool has important constraints regarding ecosystem service model-
ng (Nelson et al., 2009; Tallis et al., 2011); however, its use to model
cosystem service provision and variation has largely increased
orldwide (Nelson et al., 2009; Goldstein et al., 2012; Izquierdo and
lark, 2012; Hamel and Guswa, 2014). In this study relevant aspects
ere taking into consideration in order to minimize model results
ncertainty (Hou et al., 2013). It was used reliable LULC map with
spatial resolution of 10 m; LULC classes were diversified includ-

ng the two types of tropical forest ecosystem in the region and the
ative and anthropic pasture lands; most of the ecosystem services
elected to be modeled were easily quantifiable (carbon, mate tea,
oya, milk, Araucaria nuts and pine); and most of the data used
ere coming from south of Brazil and specifically from the Atlantic

orest biome. However, in some cases global data were used as
ell as data coming from non-published work or even from other

egions of the country. The precision of the results might have being
ffected accordingly. An accuracy table is provided in the electronic
upplement material (Table S14).

onclusions

The increase in native vegetation under the NFA policy dating
ack to 1965, could significantly enhance ecosystem services, while
he BAU increases the likelihood that the Atlantic Forest will surpass
rreversible ecological thresholds (Lees and Peres, 2008; Metzger
t al., 2009; Galetti et al., 2010). One policy favors forest conser-
ation and the other economic growth. The NFA12 also enhances
cosystem services compared to the BAU, but it is closer to the
aseline situation. To determine which of these policy options is
est requires comparison of the marginal benefits of conservation
ith the opportunity costs of decreased commodity production.

ince ecosystem services generate benefits at the local, regional

nd global levels, the relative values of costs and benefits depend
n the scale of analysis.

Landowners will prefer conservation only if the net returns
o reforestation exceed the net returns to commodity production
Policy 47 (2015) 1–11 9

(Amigues et al., 2002; Arriagada et al., 2009; Buckley et al., 2012)
or if they are forced to (Arriagada et al., 2009; Alarcon, 2014). There
are three basic policy options that can affect this ratio. One option is
PES. The values paid in PES projects within Brazil are not competi-
tive enough with the income generated by commodities. PES based
on carbon offsets could increase the potential income generated by
PES programs. Native forests in the study site store approximately
80 more tons of carbon per hectare than pasture, cropland or pine
which over 50 years amounts to only three tons per year. Carbon
payments net transaction costs would have to exceed at least US$
300 per ton to make the NFA65 competitive with the BAU. A sec-
ond option is to increase the returns to NTFPs by either developing
new products or increasing the markets for such products. A third
option is to increase the penalties for failure to comply with the
existing laws, which would of course be less effective with a switch
to the NFA12, which requires fewer protected areas.

The NFA65 would result in significantly more forested areas
within the Atlantic Forest, and in decrease of agricultural produc-
tion. The NFA12 should result in significantly less forests compared
with the NFA65, but it is expected that it will improve the enforce-
ment of PPAs’ restoration (specifically along rivers and springs) as
well as the other law devices. The CAR (Rural Environmental Reg-
istry) and the PRA (Program of Environmental Regularization) are
expected to make it possible to identify farmers which are in an
illegal situation and they intend to provide enough structure to fos-
ter restoration and monitoring. Nevertheless, the width of the PPA
along rivers and springs do not follow scientific recommendations,
making these forests strips highly susceptible to edge effects and
much less efficient in restraining river sedimentation. In the BAU,
such effects are enhanced.

Which of these policy options makes most sense depends on
their cost and benefits for Brazil and for the world. If Brazil
expands PES schemes to reward farmers for complying with a
more restricted forestry law, or penalizes farmers for failure to
comply, it will likely increase forest cover at the expense of
short-term economic growth. While it is true that the continued
degradation of the Atlantic Forest may have unacceptable economic
costs in the future, politicians are likely to ignore such long-term
impacts. Brazil is currently investing significant resources into
agricultural R&D but primarily in conventional agriculture, which
increases opportunity costs, undermining its efforts to promote
conservation (Martinelli et al., 2010a,b; Ferreira et al., 2012). In
contrast, investing in R&D in agroecosystems that increase returns
to NTFP, or that enhance ecosystem services provided on exist-
ing farmland, would help Brazil meet its dual goals of growth and
conservation.

The only policy option available at a global level is some form
of payment. Global markets in soya, beef, dairy and timber are very
well developed, while global payments for other ecosystem ser-
vices are negligible. However, a serious dilemma arises if global
PES schemes are at the expense of food production. The demand
for food is highly inelastic, which means that very small decreases
in quantity lead to large increases in price, and dramatic increases
in malnutrition. While ecosystem services are essential, so is food,
and there may be no acceptable tradeoffs between the two. A con-
tribution to landscape planning that can simultaneously increase
food production and other ecosystem services could be a win–win
strategy.

This paper has demonstrated how changes in environmental
policies can affect LULC patterns and ecosystem services within the
Atlantic Forest, and discussed the challenges to reduce the tradeoffs
between economic growth and ecosystem services maintenance. It

is essential that further research is done in the next years to under-
stand ecosystem service losses or gains within the NFA change and
if they have or have not interfered with food production in the
Atlantic Forest and the other Brazilian biomes.
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ppendix A. Supplementary data

Supplementary data associated with this article can be found,
n the online version, at http://dx.doi.org/10.1016/j.landusepol.
015.03.011.
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Caçador-SC. Master Thesis. Universidade Federal de Santa Catarina, Florianópo-
lis.

e Andrade, F.M., 2002. Exploração, manejo e potencial socioeconômico da Erva-
Mate. In: Simões, L.L., Lino, C.F. (Eds.), Sustentável Mata Atlântica: a exploração
de seus recursos florestais. SENAC, São Paulo, SP, pp. 19–34.
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