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a  b  s  t  r  a  c  t

Increased  demand  for both  agricultural  production  and forest  restoration  may  lead  to  increased  com-
petition  for  land  in the next  decades.  Sustainably  increasing  cattle  ranching  productivity  is  a potential
solution  to reconcile  different  land  uses,  while  also  improving  biodiversity  conservation  and  the  provi-
sion  of  ecosystem  services.  If not  strategically  implemented  in integration  with  complementary  policies,
sustainable  intensification  can  however  result  in negative  environmental,  economic  and  social  effects.
We  analyzed  the  potential  for sustainable  intensification  as  a solution  for a conflict  between  agricultural
expansion  and  forest  restoration  in the  Paraitinga  Watershed  at  the  Brazilian  Atlantic  Forest,  a  global
biodiversity  hotspot.  In addition,  we  provide  policy  recommendations  for sustainable  development  in
the region,  based  on  interviews  with  producers  and  local  actors.  We  found  that  the  Paraitinga  Water-
shed  has  the  potential  to increase  its cattle-ranching  productivity  and, as  a  result,  relinquish  spared  land
for other  uses.  This  was  true  even  in  the  most  conservative  intensification  scenario  considered  (50% of
the maximum  potential  productivity  reached),  in which  76,702  ha  of pastures  can  be spared  for  other
uses  (46%  of  total  pasture  area).  We  found  that  restoration,  apiculture  and  rural  tourism  are  promising
activities  to promote  sustainable  development  in  the  region,  thus  potentially  increasing  food  production
and  mitigating  competition  for land.  Our  study  shows  that results  from  socioeconomic  interviews  and
biophysical  modelling  of potential  productivity  increases  offer  robust  insights  into  practical  solutions  on
how to pursue  sustainable  development  in one  of  the  world’s  most  threatened  biodiversity  hotspots.
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1. Introduction

Between 2000 and 2012, tropical rainforests experienced the
greatest forest loss, representing 32% of global forest cover loss
(Hansen et al., 2013). Pressures on forests and other natural
ecosystems are likely to continue due to increasing demand for
agricultural products to support population growth and chang-
ing consumer demands (Smith et al., 2010; Wirsenius et al., 2010;
Alexandratos and Bruinsma, 2012). There is also increasing inter-
est in large-scale forest restoration initiatives to mitigate the loss
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Fig. 1. Map  showing the location of the Paraitinga Watershed in Brazil and São Paulo State. The colored areas are pastures with different potential stocking rates (%), and
white  areas represent other land uses.

of biodiversity and ecosystem services (Nazareno and Laurance,
2015). It is therefore likely that in upcoming years, an increased
demand for both agricultural production and large-scale forest
restoration will result in further competition for land (Smith et al.,
2010), and debates will continue on how to diminish this compe-
tition (Latawiec et al., 2015).

Increasing cattle ranching productivity in a sustainable manner
has been proposed as a potential solution to reconcile increas-
ing demand for different land-uses, reduce competition for land,
improve provision of ecosystem services and increase biodiver-
sity conservation (Smith et al., 2010; Lambin and Meyfroid, 2011;
Bustamante et al., 2012; Cohn et al., 2014; Latawiec et al., 2014a).
Sustainable intensification was considered as moderate increases
in agricultural productivity (increase in number of animals per
hectare) in a system that maintains grass-feeding (most of the
cattle-ranching systems in Brazil are extensive pasture-based graz-
ing systems; Latawiec et al., 2014b). If not implemented correctly,
sustainable intensification can however have negative environ-
mental and socioeconomic effects. For example, rebound effect
may  follow where further deforestation occurs as more produc-
tive systems become more profitable (Lambin and Meyfroid, 2011).
Indirect deforestation (Arima et al., 2011; Lambin and Meyfroid,
2011; Cohn et al., 2014), leakage (Strassburg et al., 2014a) and dis-
placement of less capital-intensive smallholders (Bustamante et al.,
2012) are other examples of unintended adverse effects. Deliver-
ing sustainable intensification without causing environmental and
social adverse effects is a great challenge. Therefore, sustainable
intensification should be developed and implemented concomi-
tantly with complementary public policies and strategies.

In Brazil, agriculture and cattle ranching are among the main
drivers of land-use change, with cattle ranching being the most
important driver of deforestation (Nepstad et al., 2006; Gibbs et al.,
2010; Cohn et al., 2011; Arima et al., 2011). Although the coun-
try is among the biggest beef producers worldwide (FAOSTAT,
2015), cattle ranching is based on an extensive system with low
pasture efficiency (stocking rate is approximately 33% of the sus-
tainable potential; Strassburg et al., 2014b). Furthermore, Brazilian
landowners need to collectively restore approximately 21 million
ha of native vegetation (Soares-Filho et al., 2014) in order to com-
ply with the new Forest Code (National Law No. 12.651/2012).
Approximately half of this restoration (12.5 million ha; Soares-
Filho et al., 2014), will need to happen within the Atlantic Forest
hotspot, the most affected by deforestation in Brazil (Lapola et al.,
2014). Currently, only 12–16% of its original 150 million ha forest
cover remains standing, with more than 80% of forest remnants
now smaller than 50 ha (Ribeiro et al., 2009). It is a great challenge
to integrate both large-scale restoration and increased agricultural
production in the Brazilian Atlantic Forest (Latawiec et al., 2015).

The aim of this study is to propose strategies for land spar-
ing based on modelling and interviews with local actors in the
Paraitinga Watershed in the Brazilian Atlantic Forest. We  first
estimated the potential for sustainable intensification of cattle
ranching, and estimated the amount of spared land that would be
generated in three different sustainable intensification scenarios.
We also performed interviews with producers and local actors in
order to understand their perception of ecosystem services, and the
potential of the region for diversification of agricultural activities.
Our central hypothesis is that by increasing stocking rates within
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